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Sill'IT1ARY 
The work described was carried out with the intention 
of synthesising N,N'-dicyanodiimide. As a result of this 
study, the first N,N'-dicyanohydrazine, N,N'-dicyano-
1,2,3,6-tetrahydropyridazine, and the first aliphatic 
diazocyanide, N-cyano-g•-ethoxycarbonyldiimide, were 
prepared and some of their properties investigated. 
Extensive preliminary investigations towards the 
preparation of g,N'-dicyanodiimide, based on the 
desulphurisation of some azo- and hydrazo-N,N'-bisthio-
dicarbonamides or on the dehydration of azo- or hydrazo-
dicarbonamide were unsuccessful. 
The attempted cyanations of various .hydrazo, azo, 
and hydrazide compounds are discussed. Only in the first 
case were N-cyano products obtained, the chemistry of 
which was briefly studied. 
The use of the diene moiety of some Diels-Alder adducts, 
prepared from various dienophiles with azo compounds , is 
discussed !or the protection of the hydrazine moiety of the 
adduct during subsequent cyanat~on. Of the several 
dienophiles studied, anthracene is shown to be the most 
promising . 
The cyanation of some of these adducts and the 
applicability of the reverse Di els-Al der r eacti on t o 
the resultant products are discussed with a view to 
preparing diimide derivatives. The latter reaction is 
shown to be a useful synthetic method by its application 
to the preparation of the first aliphatic diazocyanide. 
A discussion of the chemistry of such N-cyano compounds 
is given; they are found to be very labile to acid, a 
property for which a mechanism is suggested. 
The attempted preparation of !,N'-dicyanodiimide via 
a coupling reaction of the two halves of this symmetrical 
molecule is described with reference to other attempted 
coupling reactions. 
Various possible synthetic routes to N,N'-dicyano-
diimide and a few, as yet unsolved, topics which have arisen 
out of this work are suggested for further investigation. 
Unequivocal evidence is given for the elucidation of 
the structures of the self-condensation products of 
glutaconic esters. 
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INTRODUCTION 
General 
Diimide, NH:NH, has frequently been postulated as a 
reaction intermediate - for example by Thiele1a or by Kirk 
and Browne2 , but has never been isolated under normal 
conditions, despite the efforts of Thiele1b and of Diels 
and Ko113. It has, however, been prepared as a product 
of a radio frequency discharge through gaseous hydrazine 
or through gaseous hydrazoic acid4 and has been identified 
by mass spectrometrY4 and by the determination of its 
infrared spectrum at 82-86° K.5 
Of late, diimide has attracted considerable attention 
as a postulated intermediate in certain selective reductions 
and has been invoked to explain the reducing action of 
sodium azodicarboxylate6 , £-toluenesulphonylhydrazide7, 8 , 
chloramine9, hydroxylamine-0-sulphonic acid10 , and of 
anthracene-9,10-biimine11 on olefinic bonds. The mechanism 
of the reductions effected using hydrazine in the presence 
of an _oxidising agent, first recognised by Hanus and 
Vorisek12 over thirty years ago, and since reported upon 
infrequently13, 14, 15, has also recently been clarified 
along similar lines. 16 , 17 Moreover, it seems most likely 
that the reductions caused by sodium hydrazide18 and the 
novel reductions noticed by Cohen, Zand and Stee119 and by 
Stille and .Anyos20 can only be explained in terms involving 
2 
an intermediate diimide. The scope of this reduction 
has been outlined by a critical elucidation of its 
mechanism17, 21 and of its stereochemical implications:7, 22 , 23 
Although the parent diimide is quite unknown under 
normal conditions, its derivatives, the azo compounds, are 
numerous and well-known (see, for example, Sidgwick24a or 
Zollinger25a). ~hese derivatives are all considerably 
more stable than their parent, but vary in relative 
stability amongst themselves. In general, azo compounds 
are more stable towards heat when the azo linkage is flanked 
(in the N and/or N' positions) by substituents having 
electron-withdrawing or mesomeric character. Thus, 
benzene-azo-ethane is less stable than azobenzene but much 
more stable than azomethane24b, 25b and dimethyl azodicarb-
oxylate is one of the most stable of the aliphatic azo 
compounds. 24b However, it is of interest to note that 
the effect of the above substituents is reversed if the 
I 
substi tuent flanks the azo linkage on the e,/_ or ol. carbon 
atom. For example, azobistriphenylmethane is too labile 
for isolation25b and azodi-isobutyronitrile is well known 
as a source of free radicals fro~ its ready decomposition~5b 
Undoubtedly this effect is due to the stabilising influence 
of the electron-withdrawing substituent upon the free 
radica1. 25b 
Of the many substituents which should afford stable 
3 
azo compounds, due to the reasons outlined above, the 
cyano group remains comparatively unexploited. Hence, 
despite the fact that the cyano group is strongly electron-
withdrawing and is capable of mesomerism with the lf 
orbitals of the azo bond (cf. dimethyl azodicarboxylate), 
little has been published about cyano-azo, or diazocyanide, 
compounds. In fact, apart from the work of Gabrie1
26 
and the classical work of Hantzsch
27, who prepared a series 
of aromatic diazocyanides, e.g. E c1c6H4N:NCN, from their 
respective aromatic diazonium salts by the addition of 
potassium cyanide solution, no other work has been recorded. 
Hantzsch's diazocyanides are stable crystalline compounds 
which can be isolated in three different forms, according 
to the experimental conditions of the preparation: 
(a) the diazocyanide-HCN addition product, first prepared 
by Gabriel26 and isolated from acid solution containing an 
excess of cyanide; (b) the ~-diazocyanide, isolated below 
-5° by the dropwise addition of aq. potassium cyanide to a 
cone. solution of diazonium salt, maintaining throughout an 
excess of acid and of diazonium salt; (c) the anti-
diazocyanide, which soon results from the ready isomerisa-
tion of the~ form on standing. The equilibria concerned 
in the diazocyanide formation (i.e. the equilibria between 
diazonium cyanide to ~-diazocyanide and thence to anti-
diazocyanide) have been investigated spectroscopically by 
Lewis and Suhr. 28 
The diazocyanides may be usefully compared with the 
little-known cyanohydrazines - a series of well-defined, 
stable compounds, which, like the diazocyanides, are known 
only in aromatic form. Some aliphatic acyl derivatives 
have been described in . a series of papers by Gehlen and 
his co-workers29, but later work30 has convincingly shown 
that these compounds were not, in fact, the suggested N/9-
cyano-acylhydrazides. The first cyanohydrazine, N-phenyl-
!'-cyanohydrazine, formed from the reaction of cyanogen 
bromide on an ethereal solution of phenylhydrazine, was 
discovered in 1892 by Pellizzari31 , who later prepared its 
isomer, N-phenyl-~-cyanohydrazine, by the. same reaction, 
using aqueous ethanol as the solvent.32 With the exception 
of Gehlen's work29, interest in this field has since waned. 
Some interesting, but unsuccessful, attempts have been 
made to extend the scope of cyanohydrazine chemistry in an 
effort to prepare an N,N'-dicyanohydrazine. Pellizzari, 
for example, studied the reaction of cyanogen bromide on 
hydrazine hydrate33 and on phenylhydrazine.34 In the 
former case, he obtained some guanidino derivatives and 
in the latter, he obtained a product which he at first 
thought was tricyanophenylhydrazine34, but which he later 
proved to be a derivative of O-phenylenedicyanoguanidine.35 
Without doubt, the focal point in this field of 
. . . 
~
chemistry is the corpus . aetheris, the unknown azodicyanide 
or N,N'-dicyanodiimide, whose properties, on analysis, 
would constitute a keystone to this area of chemistry. 
Thus, for example, dicyanodiimide should be an extremely 
active dienophile in the Diels-Alder reaction, as is 
tetracyanoethylene36 , and it should be one of the most 
stable aliphatic diimides. Furthermore, dicyanodiimide 
is of theoretical interest in that it could well possess 
some unusual properties due to its exceptional structure. 
One of the most interesting aspects of the chemistry 
of dicyanodiimide is its nature as a compound composed 
exclusively of carbon and nitrogen. At the present time, 
only ten well-defined members of this group are known, 
although three others have been reported without unequivocal 
characterisation (see reference 37). Hence the epiphany 
of dicyanodiimide would represent a milestone in this 
chemical domain. In 1961, this type of compound formed 
the subject of a comprehensive review by O. Gryszkiewicz-
Trochimowski37 and the chemistry of two of the more 
interesting ones, namely tetracyanoethylene38 and 
dicyanoacetylene39, has been reviewed since. Shortly 
after the publication of O. Gryszkiewicz-Trochimowski's 
review37, some workers from the same school reported40 the 
preparation of c4N6 or 3,6-dicyano-1,2,4,5-tetrazine. 
Last year, Trofimenko and McKusick41 published the 
6 
preparation of the first percyanoalkane, hexacyanoethane, 
and even more recently, the preparation and properties of 
hexacyanobenzene, the latest addition to the group, were 
described by Wallenfels and Friedrich.42 
As the potential of dicyanodiimide appeared so 
intriguing, it was decided to attempt a synthesis of 
this compound. Consequently, the following work, directed 
with this aim in mind, describes a series of attempts at 
this synthetic problem. It was also hoped that such a 
study would disclose some more interesting facets of this 
little-studied area of chemistry. 
The synthesis of this compound poses some fascinating 
problems, since there are so few analogies in the literature 
of this field. Nevertheless, some tentative synthetic 
approaches are of interest. Thus, the action of phosphorus 
pentoxide on azodicarbonamide43 and the effect of heat or 
alkali on S,§'-dimethyl hydrazodithiocarbonamide (to remove 
the elements of methanethio144) have both been investigated . 
However, to the best of the author's knowledge, no record 
exists of any synthetic attempt directed ostensibly at the 
preparation of dicyanodiimide. 
CHAPTER I 
The attempted desulphurisation of some 
azo- and hydrazo-li,N'-bisthiodicarbonamides 
7 
Introduction 
Desulphurisation of azo- or hydrazo-N,N'-bisthio-
dicarbonamides and, in particular, of HN:CSMe.N:N.CSMe:NH 
(I) and of H~.CS.NH.NH.CS.NR2 (II) to remove the elements 
of methanethiol or hydrogen sulphide, appeared to offer a 
ready means of synthesis of dicyanodiimide. This route 
was especially favoured since the starting materials (I 
and II) are readily prepared by known methods44,45,46 
and since several mild desulphurisation methods are now 
well known.47 
Discussion 
Raney nickel desulphurisation, with concomitant 
hydrogenation of the substrate, is well known and recently 
formed the subject of a review by Pettit and van Tamelen.48 
In this method, nitriles are not produced.48 The 
conversion of thioamides to nitriles by treatment with 
alkali49, cupric oxide5°, or lead dioxide5°, has been 
reported, and a similar conversion has been invoked to 
explain the action of basic lead acetate on thioamides51 
and of silver nitrate solution on selenoureas.52 Arndt 
and Milde44 have studied the partial desulphurisation of 
various thioureas by either heat or alkali. 
Carbodiimide chemistry, a field which was reviewed 
8 
in 1953 by Khorana47, has seen the development of some 
very mild desulphurising reagents, such as mercuric oxide 
and lead dioxide. These reagents have been known for a 
long time and have been used to prepare carbodiimides from 
thioureas, mainly through the work of Schmidt53 and 
Zetzsche.54 
The use of some of the above-mentioned mild 
desulphurising agents appeared well suited to the synthesis 
of dicyanodiimide from an azo-N,N'-bisthiodiearbonamide 
derivative. Mercuric oxide was chosen for most of the 
attempted reactions, as it appeared to be the mildest and 
most efficacious reagent. However, some experiments were 
carried out using alternative reagents, such as basic lead 
acetate, mercuric chloride, copper powder or silver nitrate 
solution. Most of the reactions were conducted under a 
variety of conditions on compounds (I) and (II) and the 
results are tabulated below: 
~ ..... 
Desulphurising 
reagent 
HgO 
HgO 
HgO 
HgO 
none 
none 
none 
aq. HgC12 
none 
Solvent 
(if any) 
intimate solid 
mixture . 
benzene 
toluene 
Me2co 
Me2co 
1'1e2co 
pyridine 
benzene 
none 
Reaction 
conditions 
cold 
cold 
cold 
cold and 
boiled under 
reflux 6 hr. 
boiled under 
reflux 15min. 
cold 
hot 
cold and 
boiling 
cold 
heat at 79° 
in stream of 
N2 at 0.5-3mm. 
Results 
Exothermic reaction giving a grey solid, 
which sublimes at ca.140°/10-?mm. as a white 
powder in poor yield 
Solution decolourises 
Solution decolourises 
No change in cold, but decomp. sets in 
on heating 
Complex mixture 
Yellow solution 
Orange solution 
No visible action in cold; slight 
charring on heating 
Immediate yellow precipitate 
Red-brown prisms of an isomer 
in poor yield 
Table of attempted desulphurisations on (I) 
\.0 
Desulphurising 
reagent 
HgO 
HgO 
HgO 
HgO 
HgO 
HgO 
HgO 
HgO 
HgO 
HgO 
Basic lead 
acetate 
AgN03 
Cu powder 
Solvent 
(if any) 
Me2co 
C6H'6 
CHC13 
cs2 
dioxan 
II 
Me2NCHO 
II 
II 
None 
H2o 
dil. aq. 
EN03 
1'1e2NCHO 
Reaction 
conditions 
cold and 
boiling 
II II 
II II 
11 n 
cold 
boiling 
cold 
hot 
boiled under 
reflux 3 hr. 
heated 
boiled under 
reflux 1.5hr. 
boiled for . 
5 min. 
Results 
No visible change 
II II II 
II 11 II 
II II II 
Slight darkening of HgO 
Slow darkening of HgO 
Visible darkening of HgO 
Immediate darkening of HgO 
Black powder (HgS ?) 
Hg metal, starting material, and 
hydrazodicarbonamide 
Rapid decomp. 
Khaki precipitate 
AgS and hydrazodicarbonamide 
boiled under H2S and NH3 evolved; Sand CuS precipitated. 
reflux 36 hr. Gave an oil b.p. 115-120°/2x10-4mm. which 
solidified to a colourless wax, sublimable at 
90-1050/5x10-4mm. as white waxy needles, t\. 
2080cm.-~; it contains S, is H2o soluble an~· 
gives AgCN with AgN03 
Table of attempted desulphurisations on (II) 
_\ 
0 
The attempts to desulphurise (II) were considerably 
restricted by its insolubility in most organic solvents, 
other than dimethyl formamide; those carried out on (I) 
were also restricted but only because of this compound's 
lability, particularly towards heat. The majority of 
the reactions described gave only intractable materials 
which could not be characterised. Sometimes, when a 
metal or metal derivative had been used to effect a 
reaction, the organic product behaved as if it were a 
salt of the metal in question. In no case could such 
a salt be decomposed to yield a pure material. 
However, some of the experiments are of interest. 
The result of the reaction of silver nitrate on (II) does 
not detract from the claim of Huls and Renson52 that silver 
nitrate can be used in an analogous context (with the 
selenoureas) for the analytical determination of selenium, 
but does not agree with their suggestion that the selenourea 
is converted to the nitrile. Almost certainly a urea is 
the product. 
The reaction of copper powder on (II) in dimethyl 
formamide is interesting, for, even under the vigorous 
conditions employed, not all the sulphur was removed from 
the substrate, although some elimination had definitely 
taken place as both ammonia and hydrogen sulphide were 
evolved. The product, which unfortunately could not be 
purified sufficiently for full characterisation, resembles 
the recently described55 N-isonitriles. It showed a 
strong absorption in its infrared spectrum at 2080 cm.-1 , 
a frequency which has recently been assigned55 to the N-C 
stretch of the N-isonitriles, and it gave silver cyanide 
with silver nitrate solution, again indicative of this 
structure.55 However, it would be surprising if an 
N-isonitrile were formed under such vigorous conditions. 
The action of heat on (I) to form the isomeric material 
is peculiar and is different from that observed by Arndt46 
who, by heating (I) at a higher temperature (110°), caused 
rapid decomposition and the formation of the corresponding 
hydrazo compound, HN:CSMe.NH.NH.CSMe:NH. As in Arndt's 
experiment46 , the presence of dimethyl disulphide was 
detected, but no further similarities are obvious. An 
analogous case of isomerisation has been reported56 ,57 
to exist between the tautomeric forms of (II), but the 
substantiating evidence offered for this claim is by no 
means conclusive. In the present case, the isomeric 
product was characterised by micro-analysis, melting point 
and by infrared spectroscopy (infracord; see infrared 
spectrum I in the experimental section). However, this 
evidence is not sufficient to exclude the possibility of 
dimorphism, which can only be checked by obtaining the 
solution infrared spectra of both isomers , or of 
--- .... 
. ~ 
13 
tautomerism, between the forms: (a) HN:CSMe.N:N.CSMe:NH (I), 
(b) HN:CSMe.N:N.CS.NHMe, and (c) MeHN.CS.N:N.CS.NHMe . 
Although the latter case is unlikely (and the possibility 
of the isomer being (c) is ruled out since its infrared 
spectrum still shows a C:N stretch absorption), an 
investigation by proton magnetic resonance (p.m.r.) 
spectroscopy would prove invaluable. Unfortunately, 
lack of material prevented further study of this problem 
and so it remains to be seen whether this question can be 
answered in terms of geometrical isomerisation about the 
azo bond, dimorphism or tautomerism. 
CHAPTER II 
The attempted dehydration of azo-
and hydrazo-dicarbonamides 
14 
Introduction 
The dehydration of the readily prepared azodicarbon-
amide1c (III) and hydrazodicarbonamide58 (IV) appeared to 
offer an alternative means of synthesis of dicyanodiimide 
to that presented by the desulphurisation of the thio-
dicarbonamides (I and II). Despite the fact that the 
common methods of dehydration are carried out under fairly 
vigorous conditions, it was decided to pursue this synthetic 
approach because of the considerable stability of the 
starting materials (III) and (IV). 
Discussion 
Several reagents were used in an attempt to dehydrate 
either (III) or (IV). The unusual choice of sodium for 
this purpose was prompted by Fenton's discovery59 that 
cyanamide was produced as a product of the dehydration 
of urea with metallic sodium. It was considered that 
the more normal Lassaigne's extraction could be avoided 
by a careful temperature control of the sodium reaction, 
as in fact Fenton appears to have accomplished by cond~ct-
ing his experiment at approximately the m.p. of urea (132°). 
Hence, in order to emulate the milder set of conditions, 
the present work was carried out by heating the reaction 
15 
mixture under reflux in xylene (b.p. 136-142°). 
Thionyl chloride was used as a dehydrating agent 
mainly because of Moureu's claim60 that it dehydrates 
urea to yield cyanam.ide; later on it was discovered that 
this same reaction has now been proved to yield biuret. 61 , 62 
The mildest dehydrating agent employed was E-toluene-
sulphonylchloride in pyridine. This reagent was first 
discovered63 in 1955 and has been used to prepare 
nitriles from primary amides63 and carbodiimides from 
ureas. 64 
The results of this series of experiments are 
tabulated overleaf: 
Dehydrating 
reagent 
p-Tosyl Cl/ 
pyridine 
p-Tosyl Cl/ 
p..,r-,,Jine. 
S0Cl2 
P205 
P205 
Na/xylene 
Reaction 
conditions 
80° for 7 hr. 
100° for 3 hr. in 
Me2NCHO soln. 
boiled under reflux 
2 days 
Me2NCHO soln. boiled 
solid mixture heated 
under vacuum 
boiled under reflux 
48 hr. 
Results 
Unchanged starting material 
n II II 
II II II 
Decomp. with gaseous evolution 
Decomp. 
NH3 evolved; intractable pale yellow 
powder, crontaining a cyanide 
Table of attempted dehydrations on (III) 
Dehydrating 
reagent 
p-Tosyl Cl/ 
pyridine 
S0Cl2 
P205 
Ac2o 
Na/xylene 
(1) Na0H/Me2so4 (2) Heat , 
Reaction 
conditions 
70-75°/0.5 hr. 
boiled under 
reflux 2 days 
MezNCHO soln. 
boiled 5 min. 
boiled under 
reflux 2 days 
boiled under 
reflux 50 hr. 
boiled under 
reflux 3 hr. 
Results 
Unchanged starting material 
II II II 
Eecomp. with gaseous evolution 
Tetra-acetylhydrazine 
Intractable pale yellow powder, 
containing a cyanide 
.An unknown sodium salt 
Table of attempted· dehydrations on (IV) 
18 
With the notable exception of the reaction of 
acetic anhydride on (IV), which yielded tetra-acetyl-
hydrazine, most of the experiments described above gave 
unchanged starting materials. 
below. 
The remainder are discussed 
The only method to yield a nitrile, as identified, 
by infrared spectroscopy, was the action of sodium in 
boiling xylene on both (III) and (IV). The conditions 
employed in this reaction still appeared to be too vigorous 
for a smooth dehydration to occur in preference to a 
decomposition, despite the careful efforts made to 
reproduce the conditions used by Fenton.59 Thus, the 
cyano product behaved more like an inorganic material than 
an organic one, indicating that considerable decomposition 
• had taken place during the reaction. 
An investigation into the action of phosphorus 
pentoxide on both (III) and (IV) under a variety of 
conditions was prompted by the recently described40 
phosp~orus pentoxide dehydration of 1,2,4,5-tetrazine-
3,6-dicarbonamide to the corresponding dinitrile. However, 
the present work only gave decomposition products and hence 
confirms the findings of Diels and Paquin.43 
.An attempt to remove the elements of methanol, rather 
than those of water, was also envisaged at one stage. It 
seemed reasonable to predict that the pyrolysis of the 
--- . --
• 
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dimethyl enol-ether of (IV), namely HN:C.OMe.NH.NH.C.OMe:NH, 
might well eliminate two molecules of methanol to leave 
either a dinitrile or a bisdicarbodiimide. This interest-
ing possibility could not be explored since the preliminary 
attempts to prepare the enol-diether of (IV) were 
unsuccessful. A reinvestigation of this preparation 
using Werner's general method for the methylation of 
ureas65 might afford the required enol-diether. 
It is well known that the dehydration of oximes to 
nitriles is achieved under milder conditions than are 
necessary for the dehydration of amides. Recently, the 
very mild conversion of oL-keto acid oximes to nitriles 
was reported66 and it was considered that such a mild 
dehydrative method could well be incorporated in a novel 
synthesis of dicyanodiimide . 
suggested: 
The following route was 
~ Et02C .CO.NH.NH. CO.C02Et 
NH20H 
Et02C.C( :NOH) .N:N. C( :NOH) .co2Et -<--+! (VII) 
warm H 
heat 
I (V) 
[OJ t 
Eto2c. CO.N: N. CO. C02Et 
(VI) 
H02C. C( :NOH) .N:N. C( :NOH). co~ 
(VIII) 
--> NC.N:N.CN + 2H2o + 2002 
. .... 
20 
The main difficulty in this synthesis would be 
encountered in the formation of the dioxime (VII), which 
might be prevented by the amidic nature of the carbonyl 
functions of (VI), due to the deactivating influence of 
the lone pairs associated with the azo bond. The degree 
of this effect is uncertain, and hence it was considered 
that the oxime formation (VI) to (VII), although not hopeful, 
might well be successful. However, the slow reaction of 
hydroxylamine with esters must not be neglected in this 
context. The final dehydration stage of (VII), via (VIII), 
to dicyanodiimide might also prove troublesome as it has 
since been discovered that certain N-cyano compounds are 
labile to acid [see reference 30a and chapter V, section (d)]. 
In this case, the product would almost certainly be azo-
dicarbonamide (III). However, tosylation of the dioxime 
(VII) would facilitate the final concerted "dehydration" -
decarboxylation stage, since the E-toluenesulphonate anion 
is a better leaving group than the hydroxyl. 
Compound (V) has been prepared before67, but when this 
preparation was repeated, only oxalyl dihydrazide, 
characterised by micro-analysis and by its infrared 
spectrum, was obtained. An alternative preparation 
was achieved using ethoxalyl chloride, as shown above, 
but the product (V), characterised by m.p., its infrared 
spectrum and micro-analysis, was gained in very low yield. 
Preliminary oxidation experiments on (V) were unsuccessful 
and work on this route was discontinued because of the 
predicted difficulties. 
(V) 
(VII) 
An alternative route to (VII) from (V) is suggested: 
[OJ 
< 
Et02C.CCl:N.N:CCl.C02Et 
(IX) 
Et02C.C(:NOH).NH.NH.C(:NOH).C02Et 
(X) 
Iminochlorides, similar to (IX), are known to be 
formed under fairly mild conditions68 and an analogous 
preparation has been described by Sonn and M"uller. 69 
Treatment of (IX) with hydroxylamine to give (X), 
followed by oxidation to (VII), should not present 
too many difficulties. 
CRA.PTER III 
The attempted cyanation of some 
azo, hydrazo, and hydrazide compounds 
22 
Introduction 
In view of the failure to prepare an azo- or hydrazo-
' nitrile by a desulphurisation or a dehydration reaction, 
as discussed in the previous chapters, the cyanation of a 
suitable diimide or hydrazine derivative was regarded as 
a potentially more rewarding approach. 
be modelled on two main lines: 
Such a route can 
(a) Dicyanation of a suitable azo or hydrazo compound. 
(b) Mono- or di-cyanation of a suitable hydrazide. 
A number of hydrazide cyanations have been reported 
by Gehlen29 and by Pellizzari31 ,32 , and alkyl and acyl 
substitutions of the dimetal hydrazo derivatives have also 
been described.70 
Discussion 
The use of suitable protecting groups in the above 
two synthetic approaches is of utmost importance; such 
groups- must protect the hydrazine moiety during cyanation 
and must be readily removed after cyanation without 
effecting the cyano groups previously introduced into 
the molecule. In this fashion, it was hoped to synthesise 
N,N'-dicyanohydrazine, which should be readily oxidised to 
dicyanodiimide by any one of several well known methods. 
In only one instance, that involving the monocy anation of 
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ethyl carbazate, NH2 .NH.C02Et (which is discussed below), 
would the synthesis of N,N'-dicyanohydrazine (and hence 
dicyanodiimide) be achieved indirectly. Removal of the 
protecting group would yield cyanohydrazine, which should 
be readily cyanated, in an analogous way to ethyl carbazate, 
to yield the desired product. 
This modification of the straightforward cyanogen 
bromide "cyanation" of either hydrazine hydrate33 or 
phenylhydrazine34,35 is necessary to avoid the formation 
of guanidino derivatives. The use of ethoxycarbonyl, 
potassium ,carboxyl, and isobutyronitrile groups is discussed 
with regard to the first synthetic approach and the use of 
tosyl or ethoxycarbonyl groups is discussed with regard to 
the second. 
(a) Attempted cyanations of some azo and hydrazo compounds. 
(1) Hydrazo series. 
Cyanations were attempted on two hydrazo compounds: 
diethyl hydrazodicarboxylate71 and hydrazobisisobutyro-
nitrile.72 
The first to be considered was diethyl hydrazo-
dicarboxylate, since it was originally thought that the 
ethoxycarbonyl protecting groups could be readily removed 
by mild hydrolysis and subsequent decarboxylation without 
harming a nitrile function in the substrate. Later, it 
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was recognised that benzyloxycarbonyl groups, which can be 
speedily removed by very mild hydrogenolysis, would prove 
better for this purpose. However, since the preliminary 
investigations into the cyanation of diethyl hydrazodicarb-
oxylate were not at all promising, work on dibenzyl 
hydrazodicarboxylate73 was not pursued. 
It was considered that the cya.nation of diethyl 
hydrazodicarboxylate would be more likely to occur by 
treatment of its sodium salt with cyanogen bromide, rather 
than by a direct cyanation of the ester, particularly in 
view of the work of Stolle and Benrath.74 The salt was 
prepared from the ester in excellent yield by the action 
of sodium or sodamide in boiling xylene and was character-
ised by reconversion to the ester with acid. However, its 
infrared spectrum clearly indicated not the desired N-sodium 
salt (XI), but its tautomer, the 0-sodium salt (XII): 
Et02C.NNa.NNa.C02Et 
(XI) 
EtO(ONa)C:N.N:C(ONa)OEt 
(XII) 
This factor could well be the cause of the unexpected 
results obtained when the cyanation of the sodium salt was 
attempted using cyanogen bromide or chloride. Under all 
the conditions tried, only the evolution of carbon dioxide 
and the formation of intractable products were observed, 
and in no instance was an ester-nitrile formed. Hence 
this reaction is not analogous to the known substitution 
reactions70 undergone by the metal derivatives of hydrazo 
compounds with alkyl and acyl halides, but is slightly more 
analogous to the reaction of cyanogen halides on the sodium 
salt of a carboxylic acid.75 No further work was carried 
out on this route. 
The second hydrazo compound that was considered to be 
a suitable starting material for cyanation was hydrazo 
di-isobutyronitrile. In this case, the two cyano-isopropyl 
groups act as the protecting agents; their use was prompted 
by the knowledge that the smooth decomposition of the 
analogous azo di-isobutyronitrile on gentle heating affords 
cyano-isopropyl radicals and nitrogen. Hence, it is 
reasonable to expect that the as yet unknown N,!'-dicyano-
N,N'-di-(cyano-isopropyl)-hydrazine, NC.C(Me) 2 .NCN.NCN~(Me~.CN 
(XIII), would undergo a similar pyrolytic decomposition to 
yield cyano-isopropyl radicals and dicyanodiimide. 
Hydrazo di-isobutyronitrile was prepared by the method 
descriped in Organic Syntheses72 , but when this compound 
was treated with cyanogen bromide in an attempt to prepare 
(XIII), a complex mixture of products was obtained. As 
this mixture could not be adequately purified, work on 
this approach was abandoned. 
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(2) Azo series. 
Attention was then directed towards the possibility 
of cyanation of azo compounds. Three synthetic approaches 
were envisaged in this context: 
(i) An electrophilic attack by cyanogen bromide 
or chloride. 
(ii) Attack by cyanide ions. 
(iii) Attack by cyanide radicals. 
(i) Electrophilic attack by cyanogen bromide or chloride. 
This route was suggested by analogy with the known 
preparation of nitriles from the sodium salt of a carboxylic 
acid with cyanogen chloride or bromide.75 
When dipotassium azodicarboxylate, readily prepared by 
Thiele's method1d, was heated with cyanogen bromide in 
acetone, the starting material was regained in good yield, 
but when treated with cyanogen chloride neat, the mixture 
reacted, causing the evolution of carbon dioxide and the 
formation of an intractable powder, whose properties 
indicated the presence of an inorganic cyanide. In the 
latter -reaction, the evolution of carbon dioxide and the 
formation of a nitrile is in accord with the analogous 
nitrile preparations75 cited above. However, this reaction 
is more akin to that of cyanogen chloride on (XII), in that 
both appear to give an intermediate organic nitrile, which, 
under the conditions of formation, decomposed or polymerised. 
However, the principle of this s:ynthetic route was 
vindicated by the reaction of benzoyl chloride on 
dipotassium azodicarboxylate, which gave N,N'-dibenzoyl 
hydrazine, characterised by comparison of its infrared 
spectrum with that of an authentic specimen.76 Reduction 
of the azo bond under similar conditions is not unknown in 
the literature; the work of Thiele1c,77, of Stolle and 
Benrath74, and of Schenck and Formanek78 illustrates this. 
It was considered of interest to attempt the prepara-
tion of dipotassium hydrazodicarboxylate by a modification 
of Thiele's method. 1d Treatment of hydrazodicarbonamide 
with concentrated aqueous potassium hydroxide gave an 
evolution of ammonia on warming, and a mixture of starting 
material and dipotassium azodicarboxylate on standing for 
several days at room temperature. This result is 
interesting because no hydrazo salt was isolated and 
because the conversion of hydrazo to azo material can 
only be due to aerial oxidation. 
(ii) Cyanide ion attack. 
Treatment of diethyl azodicarboxylate71 with cyanide 
ion, in the form of potassium cyanide solution, gave a 
slightly exothermic reaction, with gaseous evolution, to 
yield the hydrazo-ester. This is no doubt due to the 
basic nature of potassium cyanide solution and is thus 
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in accord with the previously described1c reaction between 
diethyl azodicarboxylate and sodium carbonate solution. 
(iii) Cyanide free radical attack. 
The cyanide free radical offers an alternative means 
of attacking diethyl azodicarboxylate to achieve cyanation, 
but is, unfortunately, extremely difficult to prepare in 
the laboratory, electric discharge through cyanogen79 or 
thermolysis of cyanogen80 at 1100° being required. 
However, it was thought that Jacquemin's preparation81 
of cyanogen from potassium cyanide and cupric sulphate 
solution, via the unstable cupric cyanide, must almost 
certainly involve an intermediate cyanide radical which, 
although of extremely short life, might be available for 
an in situ reaction. When freshly prepared cupric cyanide 
was warmed in a solution of diethyl azodicarboxylate in 
benzene, very little change was observed in the organic 
material. The products were mainly unchanged starting 
material and a very little hydrazo-ester, probably formed 
in the . same way as in the case of cyanide ion attack. 
Thus, this result is inconclusive because of the dubious 
nature of the cyanide radical source. 
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(b) Attempted cyanations of some hydrazides. 
Two hydrazides, having different protecting groups, 
were used in this series of experiments. 
The first one, ethyl carbazate, NH2 .NH.C02Et, which is 
readily prepared by the method of Diels82 , was investigated 
as a model compound. It has a "protecting" ethoxycarbonyl 
group and an amino group which should be readily cyanated 
by cyanogen bromide - a reaction which has a parallel in 
Pellizzari's work.31 ,32 The original intention was that 
more advanced work would make use of the benzyloxycarbonyl 
group as the protecting species, in a similar fashion to 
that described by Overberger83, but the preliminary work 
on ethyl carbazate gave no successful cyanations, even under 
a variety of conditions and despite analogous reactions29,B4 
described in the literature. It would appear that this 
result is more in line with the recent work of Mautner 
and Gehlen and their co-workers3°, and so the proposed 
extension to this work was not explored. 
The second hydrazide, ~-toluenesulphonylhydrazide, is 
readily obtainable by Albert and Royer's method. 85 It 
was ·suggested that the interesting N,~'-dicyanohydrazine 
(XVI) might be formed via the sodium salt (XV), as 
follows: 
NaOMe> 
E-Me.C6H4.S02.NH.NH2 < HCl 
(XIV) 
+ NC.N:N.CN 
30 
£-Me.C6H4 .so2 .NCN.NHCN 
(XVI) 
Treatment of the dinitrile (XVI) with silver nitrate 
should afford the silver salt (XVII), which in turn might 
undergo thermal elimination, as shown above, provided that 
the E-toluenesulphonyl anion is a sufficiently good 
leaving group. 
The sodium salt (XV) was prepared from the hydrazide 
(XIV), by the addition of an equimolecular quantity of 
sodium methoxide in methanol, and was characterised by 
reconversion uo the hydrazide (XIV). It reacted with 
cyanogen chloride, but only to give intractable products 
and not the desired dinitrile (XVI), even when the reaction 
was tried under a variety of conditions. The analogou~ 
reaction of cyanogen bromide on the hydrazide (XIV) gave 
unchanged starting material. 
Na0I1e> 
E,-I1e.C6H4 .so2 .NH.NH2 < HCl 
(XIV) 
+ NC.N:N.CN 
30 
E,-I1e .C6H4 .so2 .NCN.NHCN 
(XVI) 
Treatment of the dinitrile (XVI) with silver nitrate 
should afford the silver salt (XVII), which in turn might 
undergo thermal elimination, as shown above, provided that 
the :e.-toluenesulphonyl anion is a sufficiently good 
leaving group. 
The sodium salt (XV) was prepared from the hydrazide 
(XIV), by the addition of an equimolecular quantity of 
sodium methoxide in methanol, and was characterised by 
reconversion to the hydrazide (XIV). It reacted with 
cyanogen chloride, but only to give intractable products 
and not the desired dinitrile (XVI), even when the reaction 
was tried under a variety of coniitions. The analogous 
reaction of cyanogen bromide on the hydrazide (XIV) gave 
unchanged starting material. 
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CHAPTER IV 
Attempted cyanations of some 
N,N'-disubstituted alkyl hydrazines 
31 
Introduction 
In the previous chapter, the use of various groups 
was discussed with regard to the protection of the 
hydrazine derivative during cyanation. All these 
groups have electron-withdrawing character, which 
hinders subsequent cyanation of the "amidic-like" 
hydrazine nitrogens by electrophilic attack. 
It was considered that the adoption of certain 
alkyl groups as protecting agents would overcome this 
difficulty provided that such groups could later be 
speedily removed by hydrogenolysis without harming any 
nitrile function present. Such groups would retain the 
nucleophilic character of the hydrazine nitrogens and 
hence would facilitate cyanation. Thus, the synthetic 
approach outlined in chapter III could be re-explored 
in a more favourable light. 
The alkyl groups considered were benzyl, diphenyl-
methyl, and trityl; these would respectively give the 
following compounds as starting materials for cyanation: 
(a) N,N'-Dibenzylhydrazine. 
(b) N,N'-Bisdiphenylmethylhydrazine. 
(c) N,li'-Ditritylhydrazine. 
The present work discusses the preparations and some 
attempted cyanations of these three compounds. 
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(a) li,li'-Dibenzylhydrazine (XVIII). 
Sodium amalgam reduc.tion of benzal azine in ethanol, 
following Curtius's procedure86 , gave N,N'-dibenzylhydrazine 
(XVIII), as the hydrochloride. Benzal azine was prepared 
in excellent yield by the addition of benzaldehyde to an 
ethanolic solution of hydrazine hydrate, and was 
characterised by its m.p., which agrees with that 
cited by Curtius and Jay. 87 
An alternative method of reduction was investigated, 
using sodium borohydride. In this case only ~enzalbenzyl-
hydrazone, Ph.CH:N.NH.CH2 .Ph (XIX), was obtained in good 
yield and, despite the use of extremely forcing conditions 
for this reduction, no dibenzylhydrazine (XVIII) was ever 
isolated. It is strange that this reduction should only 
be effective for reducing one of the two azine double 
bonds. A complete reduction of benzal azine might be 
effected using sodium borohydride in the presence of a 
little acid - a reaction which is well known to be more 
efficient for reduction purposes. Due to the success of 
the sodium amalgam reduction86 , this modified procedure 
was not attempted. The hydrazone (XIX) was characterised 
by its m.p. - which agrees with that quoted in the 
literature86 , 88 - its infrared spectrum and the formation 
of its mono-acetyl derivative, whose properties are 
identical to those described previously86 , 88 and whose 
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proposed structure is unambiguously substantiated by 
micro-analysis, infrared and p.m.r. spectroscopy. 
Furthermore, treatment of the hydrazone (XIX) in hot 
ethanol with cone. hydrochloric acid caused hydrolysis 
to yield benzylhydrazine, hydrochloride, characterised 
b ·t 86 y 1 s m.p. 
It was considered of interest to attempt the cyanation 
of the hydrazone (XIX) with cyanogen bromide. This 
reaction gave benzalbenzylcyanohydrazone, Ph.CH:N.NCN.CH2 .Ph 
(XX), which was characterised by infrared and p.m.r. 
spectroscopy. As the product was extremely difficult 
to purify - possibly due to its low m.p. - the micro-
analysis results obtained for this compound were not 
consistent. 
Similar treatment of dibenzylhydrazine (XVIII), 
either as the free base or its hydrochloride, afforded 
N-cyanodibenzylhydrazine, Ph.CH2 .NH.NCN.CH2 .Ph (XXI), in 
excellent yield, the product being characterised by micro-
analysis, infrared and p.m.r. spectroscopy. It is 
surprising that no N,N'-dicyanodibenzylhydrazine, 
Ph.CH2 .NCN.NCN.CH2 .Ph (XXIII), is formed in this reaction. 
Further evidence for this unexpected result comes from the 
conversion of the reaction product (XXI), to its amide, 
carbamoyl-N,N'-dibenzylhydrazine, Ph.CH2 .NH.N.CONH2 .cH2 .Ph. 
(XXII), by treatment with hydrogen peroxide in dilute 
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aqueous alkali89, the amide (XXII) being characterised by 
micro-analysis and its infrared spectrum. 
The use of more forcing conditions (dry dioxan 
solution at 100° for 4.5 hours) for the cyanation of 
the cyanohydrazine (XXI) to give the dinitrile (XXIII) 
caused oxidation of (XXI) to the cyanohydrazone (XX). 
Similar cyanogen bromide oxidations are not unknown. 24c 
When the hydrazine (XVIII) was treated with a large excess 
of cyanogen bromide under slightly milder conditions, the 
same oxidation took place after the intermediate formation 
of the cyanohydrazine (XXI). If ethanol is used in place 
of dioxan in the above attempted cyanation (i.e. ethanol 
solution at 120° for 5 hours), then hydrolysis of the 
nitrile and oxidative cyclisation occurs to afford a 
mixture of three products: 
(a) Urethan, obtained in very poor yield and 
characterised by micro-analysis, its infrared spectrum, 
and its m.p., the last two agreeing with those previously 
recorded.90,91 
(b) An amidic material, which was obtained as an 
impurity to the major product, and whose presence was 
suspected from the infrared and p.m.r. spectra taken of 
the impure product. 
(c) 2-Benzyl-3-oxo-5-phenyl- b.,.4-1,2,4-triazoline 
(XXIV), the major product, which was characterised after 
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repeated crystallisation and sublimation, by micro-analysis, 
its infrared and p.m.r. spectra. 
It would appear that the urethan was probably formed 
as a result of a side-reaction between ethanol and cyanogen 
bromide and that the triazoline (XXIV) was formed via the 
amidic material by oxidative cyclisation with cyanogen 
bromide - a reaction which was probably prevented from 
going to completion because of an insufficiency of the 
oxidising agent, cyanogen bromide. Similar cyanogen 
bromide cyclisations have been described in the literature~O 
It is uncertain whether the amidic material obtained above 
is Ph.CH:N.N(CONH2 ).CH2 .Pb., or the unoxidised triazolidine, 
2-benzyl-3-oxo-5-phenyl-1,2,4-triazolidine. 
(b) N,N'-Bisdiphenylmethylhydrazine (XXV). 
It was decided to prepare the required starting 
material (XXV) by a reduction of benzophenone azine, 
(Ph)2C,:N .N:C(Ph)2 (XXVI), following one of the s
everal 
methods described in the literature . 92 ,93,94,95 
Until now, it had been supposed that benzophenone 
azine (XXVI) could only be prepared from benzophenone and 
hydrazine hydrate by means of a sealed Carius tube 
reaction96 at 150-160°, or via the benzophenone hydrazone 
by a two-stage reaction95,97, since it was thought that 
less vigorous conditions were not efficacious in producing 
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the azine.96 The present work demonstrates that the 
azine (XXVI) may be prepared,in excellent yield, by simply 
heating the reactants together under reflux in ethanolic 
solution, containing a few drops of cone. hydrochloric acid. 
The product was characterised by its m.p., which agrees 
with that found previously95,96 , and by micro-analysis. 
The reduction of (XXVI) to N·-,N 1 -bisdiphenylmethyl-
hydrazine, (Ph)2CH.NH.NH .... CH(Ph) 2 (XXV), with sodium 
amalgam has been described by Darapsky92 and by Wang and 
Cohen.93 In the present work, this method failed to 
yield (XXV), even when the conditions were varied, but 
gave a mixture of products - presumably due to the 
decomposition of an unstable product, which might be 
the desired hydrazine (XXV). An alternative method of 
reduction, that of treating the azine (XXVI) in dioxan 
solution with sodium borohydride and heating under reflux, 
had no effect upon the starting material. The reported 
high pressure hydrogenation94 of (XXVI) to (XXV) with 
10% palladium charcoal in dioxan solution prompted the 
use of platinum oxide under similar conditions. Again , 
only starting material was obtained. A similar hydrogena-
tion, using glacial acetic acid as solvent and platinum: 
oxide as catalyst, has also been described95 for the 
preparation of (XXV). This method was repeated, but 
was found to give a mixture of mainly the diacetate of 
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(XXV), a little of the hydrazine (XXV), and a trace of 
tetraphenylethane. The last two compounds were presumably 
formed by decomposition of the diacetate of (XXV), similar 
to that described by Darapsky.9
2 All the products were 
characterised by micro-analysis and infrared spectroscopy. 
It is suggested that a re-investigation of the last 
reduction method should eventually afford the required 
(XXV) in good yield and that a study of the cyanation of 
this compound might well prove invaluable. 
(c) N,N'-Ditritylhydrazine (XXVII). 
The starting material (XXVII) was prepared by the 
reaction of trityl chloride98 on hyd.±1azine hydrate, 
following Wieland's procedure.99 Various modifications 
described for this preparation in later papers
100 were 
not incorporated in the present work. 
When treated with cyanogen bromide in benzene at 
57 ± 3° for two hours, in the presence of sodium bicarbonate, 
(XXVII) remained unchanged, but, on heating the reactants 
in chloroform/ethyl acetate (1:2) mixture in a sealed 
Carius tube at 106 ± 4° for 7.5 hours, a reaction took 
place, giving a mixture of products. Triphenylcarbino'i 
was isolated from this mixture in poor yield and was 
characterised by its m.p., its infrared spectrum and 
mixed m.p., compared with those obtained for an authentic 
specimen. 
In view of the failure to dicyanate any of the 
three chosen dialkyl hydrazines, (XVIII), (XXV) and 
(XXVII), work was discontinued on this synthetic approach. 
This failure is particularly surprising in the case of 
(XVIII), when the preparation of various disubstituted 
derivatives of (XVIII), previously described by Curtius86 , 
and the successful dicyanation of 1,2,3,6-tetrahydro-
pyridazine, discussed in the following chapter, 
section (d), are taken into account. Nor is the 
dicyanation of (XVIII) unreasonable on mechanistic 
or steric considerations; its failure remains 
inexplicable. 
CH.APTER V 
Synthetic studies involving an 
intermediate Diels-Alder adduct 
Introduction 
In a continued search for a protecting species for 
the hydrazine molecule during cyanation, the possibility 
of employing a Diels-Alder adduct from a suitable diene and 
an azo compound was considered. Such an adduct may be 
prepared from a diester of azodicarboyxlic acid and a 
diene. The functional groups of the azine thus formed 
might then be converted to nitriles, since the molecule is 
now "stabilised" towards the effect of unwanted side-
reactions by the presence of the "diene moiety" of the 
adduct. Having prepared the IT,N'-dicyanohydrazo derivative 
in this subtle manner, it should then be possible to effect 
a reverse Diels-Alder reaction by pyrolysis, similar to that 
described by Diels et ai. 101 This approach may be 
schematically represented by the proposed route: (XXXIV) -
(XXXVII), described in section (d) of this chapter. 
The present work describes the study made of various 
dienes to prepare an adduct most suited for conversion to 
its dinitrile, and is divided into six parts, according to 
the diene used: 
(a) £-Hydroquinone 
(b) Cyclopentadiene 
(c) Furan 
(d) 1,3-Butadiene 
(e) 1,2-Dihydro-1,2,4,5-tetrazine and 
1,2-dihydropyridazine 
(f) Anthracene 
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It also describes the preparation of some cyano-
adducts, one of which afforded the first aliphatic diazo-
cyanide, on undergoing a reverse Diels-Alder reaction.
102 
(discussed in chapter VI), and another of which represents 
the first !,N'-dicyanohydrazine to be reported. These N-
cyano compounds are interesting in that they exhibit an 
unexpectedly marked lability towards acid - a property 
first noticed by Pellizzari31 - the full implications of 
which are only just being realised. 
Discussion 
The field of Diels-Alder syntheses wi-th heteroatomic 
compounds has recently been reviewed by Needleman and 
Kuo 1°3, and some applications developed from this work 
are discussed below. 
(a) E-Hydroquinone. 
The unusual application of £-hydroquinone as a 
diene for the Diels-Alder reaction was prompted by the 
recently published series of papers104, 105 describing the 
preparation of a Diels- Alder adduct from the reaction of 
maleic anhydride on either E-hydroquinone104 or 2-
naphthol.105 In the former case, the reaction sequence is: 
4 '1 
0 
HO 
0 
0 
0 
(XXVII) 0 
The structure of the product (XXVII) was rigorously 
proved by degradative work. 104, 105 
In view of the success gained with this preparation, 
it was considered possible to modify the reaction to give 
(XXVIII) by using diethyl azodicarboxylate as the dienophile: 
HOO . - I ~ 
~ OH 
0 
.__O_ NC02Er 
(XXVIII) 
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This preparation, although not hopeful because of t he 
severe reaction conditions required104, was essayed by 
heating the reactants in phenetole solution under reflux 
in an atmosphere of nitrogen. Unfortunately, decomposition 
gradually set in to give a black intractable tar. 
(b) Cyclopentadiene. 
The adduct from cyclopentadiene and diethyl azo-
dicarbo:xylate (XXIXa), although well known19, 20 , 106 ,107, is 
not suitable for conversion to the dinitrile (XXX), since 
the formation of the hydrazine (XXXI), which is essential 
for a convenient synthesis of (XXX) (i.e. by dicyanation), 
is known to be impossible through hydrolysis and 
decarboxylation of (XXIXa).19, 20 
a ~CN NCN 
(XXIX) (XXX) 
(a) R = Et 
(b) R = .CH2 .Ph 
a ~H NH 
(XXXI) (XXXII) 
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It was decided that an alternative synthesis of CXXXI) 
might be achieved by mild hydrogenolysis of the adduct 
(XXIXb), provided that the ester groups could be cleaved 
before any appreciable reduction of the ethylene bond had 
occurred. 
The adduct (XXIXb) was prepared in excellent yield and 
was isolated in two dimorphic forms, according to the 
conditions of preparation. The two forms had different 
melting points and different nujol mull infrared spectra, 
and each was characterised by micro-analysis, molecular 
weight determination, its ultraviolet, infrared and p.m.r. 
spectra. Gentle heating converted the lower m.p. isomer 
to the higher m.p. one in excellent yield. They were shown 
to be dimorphic by their solution (chloroform) infrared 
spectra, both of which were identical. Similar cases of 
dimorphism have been reported by Blomquist and Meinwald108 
and by Roberts and Haigh. 109 
Attempted hydrogenolysis of (XXIXb) using 5% palladium-
charcoal caused a rapid uptake of hydrogen. Hence, as was 
originally feared, the reduction of the ethylenic bond is 
simultaneous to the hydrogenolysis of the benzyloxycarbonyl 
groups. An alternative method of debenzylation was tried 
using sodium iodide. This method, even when applied under 
a variety of conditions, had no effect upon the starting 
material . 
1,3-Gyclohexadiene was also considered as a suitable 
diene for the Diels-Alder reaction with diethyl azodicarb-
oxylate. This idea, originally prompted by the work of 
Pirsch and Jorg1110 , was not pursued since later work
111 has 
convincingly shown that this reaction does not proceed via 
a Diels-Alder mechanism, but is more analogous to the 
reaction of cycloheptatriene with diethyl azodicarboxylate~
12 
(c) Furan. 
Substituted furans have been described
11 3 as 
undergoing both diene and retrodiene reactions in the Diels-
Alder synthesis, and so it appeared reasonable to use furan 
with an azo-ester in an analogous way. The reaction of 
furan and its derivatives with azo-esters has been 
reported114, 11 5 to yield Diels-Alder adducts. 
It was decided to employ dibenzyl azodicarboxylate as 
the dienophile for the same reasons outlined above in 
section (b), although it was appreciated that the subsequent 
hydrogenolysis stage might be troublesome. Dibenzyl azo-
dicarboxylate was prepared from the hydrazo-ester73 by 
bromine _oxidation. 116 However, the product obtained from 
the reaction of the azo-ester on furan could not be purified 
adequately for an unequivocal characterisation. All the 
evidence obtained strongly indicated the structure (XXXIII) 
for the adduct. 
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(XXXIII) 
In view of the result obtained from the hydrogenolysis 
of (:XXIXb) and the incomplete characterisation of the adduct 
(XXXIII), further work on this synthetic approach was 
abandoned. 
(d) Butadiene. 
Butadiene has been successfully employed in the 
Diels-Alder reaction with azo-esters on several 
occasions. 107, 114, 115 It was hoped that this reaction 
could be utilised in the following manner to afford 
dicyanodiimide: 
46 ( + NC02Me >- c ~C02Me II NC02Me NC02Me (XXXIV) 
t CNH NH (XXXV) c~C02Me NH (XXXVI) 
t CNBr 
c~CN 7 ( NCN . + II NCN NCN 
(XXXVII) 
The hitherto unknown adduct (XXX:IV) was prepared in 
excellent yield by the reaction of butadiene on dimethyl 
azodicarboxylate43 and was characterised by micro-analysis, 
its infrared and p.m.r. spectra. Hydrolysis and decarb-
oxylation of (XXXIV), following Baranger arid Levisalles 
procedure115, . afforded the pyridazine (XXXV) in good yield 
and the mono-ester (XXXVI) in poor yield. The latter 
compound was not characterised fully, but the former was 
characterised as its dibenzoyl derivative. 115 Cyanation 
of the pyridazine (XXXV), using Gehlen's method29, yielded 
the first reported N,N'-dicyanohydrazine (XXXVII) in good 
yield. This compound was identified by micro-analysis, 
its infrared and p.m.r. spectra and by conversion to 
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(XXXVIII) by bromine in chloroform. In the latter 
reaction, the addition of bromine to the ethylenic bond 
was expected, but the hydrolysis of the nitriles to ureas 
was not. Such a hydrolysis illustrates the marked lability 
of the N-cyano group towards acid, which, in this case, 
might be formed by the interaction between the trace of 
water normally found in chloroform and the bromine. 
Brx=NCONH I 2 
Br NCONH2 
(XXXVIII) 
Br~~CN 
Br~NCN 
(XXXIX) 
To avoid hydrolysis of the nitrile groups it is 
necessary to carry out the reaction under dry nitrogen in 
carefully dried chloroform, using analar bromine. In this 
manner, the dibromo-dinitrile (XXXIX) may be prepared in 
reason~ble yield. 
Attention was then directed towards the achievement of 
a reverse Diels-Alder reaction on (XXXVII) by pyrolysis. 
The dinitrile (XXXVII) remained unchanged on sublimation 
under high vacuum, and on heating in toluene under reflux 
for two hours. It was thought that the reverse Diels-
Alder reaction, being one part of an equilibrium process, 
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might be effected if another dienophile were present in the 
pyrolysis mixture to react competitively with any butadiene 
formed in situ from this reaction. Hence, a little 
dicyanodiimide would be released. This was attempted 
with N-phenyl maleimide as the competing dienophile, using 
either boiling toluene or boiling mesitylene as the reaction 
media. In both cases a red amorphous solid was obtained, 
a shorter reaction time being required for mesitylene. It 
could not be purified and was probably some form of polymeric 
decomposition product. The effect of ultraviolet light was 
also investigated as a possible method of accomplishing a reverse. 
Diels-Alder reaction on (XXXVII). When an ethanolic 
solution of (XXXVI I) was irradiated with ultraviolet light 
for 36 hours, an intractable orange-yellow powder was 
obtained. This same product was gained when (XXXVII) was 
heated in either toluene or mesitylene with anthracene -
a reaction which was originally intended to "trap" any 
dicyanodiimide formed from the reverse Diels-Alder 
reaction with the anthracene diene system. 
Ih view of the failure to effect a reverse Diels-
Alder reaction on (XXXVII), it was decided to explore 
a second synthetic possibility: 
(XXXVII) 
< 
( ~CN NCN 
49 
triC°'lMe I (XL) 
CCOf1e ~ 
NCN 
I 
NCN~ ............ C02Me 
(XLI) 
This route again incorporates a reverse Diels-Alder 
reaction as its final stage, but on this occasion the 
reaction is assisted by the increase in aromaticity c aused 
by the formation of dimethyl phthalate. Very s imilar 
reverse Diels-Alder reactions have been reported quite 
recently •11 7 
The dehydrogenation of (XXXVII) to (XL) was first 
tried in boiling xylene using either palladium-charcoal or 
tetrachloro-2-benzoquinone as the dehydrogenating agent. 
In both cases, only polymeric, intractable products were 
isolated. The use of N-bromosuccinimide with a trace of 
benzoyl peroxide was also investigated for the dehydrogena-
tion of (XXXVII), but only starting material was obtained 
when this reaction was carried out by heating under reflux, 
either with direct heat or with infrared radiation. 
An alternative preparation of (XL) was envisaged 
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using a dehydrobromination of the dibromo-dinitrile (XXXIX). 
This elimination is the only one possible on steric and 
mechanistic grounds because the two bromine atoms, being 
trans to each other, prevent the alternative elimination 
which would yield a derivative of (XXXVII). Steric factors 
prohibit the formation of either an acetylene or allene 
derivative. 
Dehydrobromination of (XXXIX) was tried with potassium 
hydroxide in ethanol, triethyl amine in chloroform, dilute 
hydrochloric acid, and silver oxide in ethanol, all of which 
gave intractable products; treatment with 2,4,6 collidine 
or silver oxide in boiling toluene gave unchanged starting 
material. The failure to form (XL) in this manner was 
unexpected, particularly in view of the recently described 
dehydrochlorination118 of (XLII), which is so readily 
accomplished, that the compound (XLII) evolves acidic 
fumes on standing at room temperature! 
(XLII) (XLIII) 
A third synthetic approach for the preparation of (XL) 
was suggested by a study of the reaction of cyanogen bromide 
on pyridazine. It was originally hoped to obtain (XLIII), 
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which might then be selectively reduced, possibly with 
sodium borohydride, to aff.ord the dihydro derivative (XLIV). 
Reaction of (XLIV) with cyanogen bromide might be effected 
under forcing conditions to cause a change in conjugation 
with simultaneous cyanation, yielding the desired (XL). 
(XLIV) 
O Br 
'CN 
(XLV) 
This route was not considered hopeful, particularly 
in view of the analogous reaction of cyanogen bromide on 
pyridine 119, which yields (XLV), but was attempted because 
very little is known about dihydropyridazirie chemistry. 
However, the reaction of cyanogen bromide with pyridazine 
in ethanol at 60° gave a violet-black gum, which would not 
• yield to purification. 
(e) 1,2-Dihydro-1 2 2 24,5-tetrazine and 1 22-dihydro-
pyridazine. 
Derivatives of these two compounds were considered 
as alternative starting points to · the compound (XL) in the 
synthetic approach which involves a reverse Diels-Alder 
reaction using dimethyl acetylenedicarboxylate [i.e. (XL) 
to (XLI) in the previous section]. The two chosen starting 
• 
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materials were 3,6-dimethoxycarbonyl-1,2-dihydro-1,2,4,5-
tetrazine (XLVI) and 3,6-dimethoxycarbonyl-1,2-dihydro-
pyridazine (XLVII). 
(XLVI) (XLVII) 
It was considered that, provided the 1,2-positions 
could be cyanated, the diene moiety of the molecule should 
readily undergo a Diels-Alder reaction with dimethyl 
acetylenedicarboxylate to yield (XLVIII) or (XLIX) 
respectively: 
C02Me C02Me 
I CC02Me NCN/"-N CC02Me NCN 
I 11 II I II 
NC N YN CC02Me NCN CC02Me 
C02Me C02Me 
(XLVIII) (XLIX) 
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Both compounds, (XLVIII) and (XLIX), should then 
readily succumb to a reverse Diels-Alder reaction on 
pyrolysis, yielding dicyanodiimide and a tetrazine, in the 
first case, or tetramethyl prehnitate, in the second. The 
decomposition of (XLVIII) could occur in an alternative way, 
giving nitrogen and N,N'-dicyano-2,3,4,5-tetramethoxy-
carbonyl-1,2-dihydropyridazine (L); this is not inconveni-
ent, for the product (L) should react with dimethyl 
acetylenedicarboxylate to give a derivative of (XLIX:). 
C02Me C02Me C02Me 
NCN C02Me ~H I 
NCN C02Me 
hN 
C02Me C02Me C02Me 
(L) (LI) (LII) 
The starting material (XLVI) was prepared from ethyl 
diazoace:tate120 via the bisdiazoacetic acid
121
, followed by 
diazomethane methylation. 122 All attempts made to cyanate 
(XLVI) were unsuccessful, even when forcing conditions were 
used, and only impure starting material was isolated. The 
reaction of dimethyl acetylenedicarboxylate on (XLVI) was 
tried by heating the reactants in toluene under reflux. 
It was hoped to prepare a derivative of (XLVII) [or 
possibly of (XLVIII)], but only (XLVI) was regained. 
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The preparation of the second starting material was 
suggested by the recently published general method of 
converting tetrazines to pyridazines using olefins.
123, 124 
However, the conjugation in the pyridazine products was not 
unambiguously determined - the tautomers possible being 
(XLVII), (LI), and (LII) - although the evidence available 
strongly indicates structure (LI) as being correct. 
Tautomer (LII) was excluded since an N-H stretch frequency 
appeared in the infrared spectra of all the products. 
Hence, (XLVI) was oxidised to the tetrazine with nitrous 
acid125 and then treated with ethylene
124 to yield the 
pyridazine (XLVII) or (LI). Attempted cyanation of the 
pyridazine with cyanogen bromide gave only unchanged 
starting material. 
Later, it was learnt from an independent study of the 
p.m.r. spectra of such pyridazines
126 that the correct 
structure for the pyridazine starting material was the 
tautomer (LI). Thus the failure to cyanate this imine-
enamine (LI), rather than .the di-eneamine (XLVII), is not 
surprising. It is plain that the cyanation of eneamines 
is difficult compared with that of amines and that the 
cyanation of imines is virtually impossible. 
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(f) .Anthracene. 
The use of anthracene as a suitable diene in the 
Diels-Alder reaction for the protection of the hydrazine 
moiety of the adduct during cyanation was prompted by the 
recently described11 preparation of anthracene-9,10-biimine 
(~III). It was considered that this compound could be 
dicyanated to yield (LIV), which should readily afford 
dicyanodiimide and anthracene on pyrolysis. Such a 
reverse Diels-Alder reaction is assisted by the gain in 
aromaticity in the anthracene moiety of the adduct. 
(LIII) (LIV) 
(a) R = R' = Me 
(b) R = R' = Et 
(c) R = R' = .CH2 .Eh 
The starting material for the preparation of (LIII) 
is either one of the diesters, (LVa) or (LVb), both of which 
were prepared according to the method of Diels et a1. 101 
Initial attempts to prepare (LIII), following Corey and 
Mock's procedure 11 , gave anthracene, starting material and 
a . trace of the corresponding mono-ester (LVIIId) or (LVIIIe), 
but none of the required (LIII). Later work, using a 
considerably more detailed procedure127 with minor modifica-
tions, was successful in giving the biimine (LIII). 
As an interim measure, however, an alternative route to 
(LIII) was investigated. With this new route, it was 
originally hoped to prepare the dibenzyl ester-adduct (LVc) 
and then remove the benzyloxycarbonyl groups by hydrogenol-
ysis, leaving the desired biimine (LIII). However, when 
dibenzyl azodicarboxylate was reacted with anthracene, none 
of (LVc) was formed, but only 9,10-dihydro-9,10-di-(N,N'-
dibenzyloxycarbonyl)-hydrazino-anthracene (LVIa) in poor 
yield. This product was characterised by micro-analysis, 
its infrared and ultraviolet spectra. 
(LVI) (a) R = .CH2 .Ph 
(b) R = Et 
(LVII) 
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(a) R = H, R' = Li (b) R = H, R' = CN (c) R = R' = .CONH2 
(LVIII) (d) R = H, R' = .co2Et 
(e) R = H, R' = • C02I'1e 
(f) R = H, R' = .co2 .cH2 .Ph 
(g) R = H, R' = Trityl (h) R = CN, R' = .co2Et 
This unexpected product can only be formed by the 
action of trace amounts of reducing agent present in the 
reaction, which reduce the anthracene to 9,10-dihydro-
anthracene. The azo-ester then adds on to the dihydro-
anthracene in the same way as diethyl azodicarboxylate adds 
on to 9,10-dihydro-anthracene to form (LVIb). 114 Such an 
explanation also accounts for the low yield obtained. The 
impurity of reducing agent might be a trace of unoxidised 
hydrazo-ester, which contaminates the azo~ester. It is 
not clear why the Diels-Alder type adduct was not formed; 
possibly the bulky benzyloxycarbonyl groups of the azo-
ester prevent the close approach of the azo-ester to the 
anthracene molecule, a factor which is necessary for the 
formation of the Diels-Alder reaction intermediate. 
Attention was then directed towards the cyanation of 
the biimine (LIII). Preliminary experiments using cyanogen 
bromide or cyanogen chloride under a variety of mild 
conditions caused decomposition of the biimine to yield 
anthracene. It is suggested that this decomposition is 
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due to oxidation of the biimine by the cyanogen halide24c 
to its unstable azo counterpart (LVII), which immediately 
decomposes to yield anthracene and nit~ogen. To 
substantiate this suggestion, the reaction of ferricyanide 
on the biimine (LIII) was studied in aqueous dioxan 
solution at o0 • A gentle evolution of gas occurred as 
soon as the reactants were mixed. 
The formation of an N-metal salt of the biimine (e.g. 
LVIIIa) and reaction of this with cyanogen bromide was next 
considered as a means of cyanating (LIII). The expected 
result of such a reaction would be the mono-nitrile (LVIIIb), 
which should be sufficiently stable [unlike the biimine 
(LIII)] to undergo further cyanation without decomposing. 
However, treatment of the biimine (LIII) with sodamide in 
dry dioxan at 44-49° gave anthracene in excellent yield, 
despite the fact that a little ammonia was evolved. The 
use of 1.1 equivalents of butyl lithium at -70° with a 
solution of biimine (LIII) in dry dioxan and dry tetrahydro-
furan caused the formation of an olive green solid inter-
mediate, which qompletely disappeared upon treatment with 
cyanogen bromide at the same temperature. 
was gained from this reaction . 
Only anthracene 
The dehydration of the unknown dicarbonamide (LVIIIc) 
offered an alternative method for the preparation of the 
dini trile (LIV). Two methods were explored for the 
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preparation of (LVIIIc). The first one, the reaction of 
the diester (LVb) with anhydrous ammonia, gave only 
unchanged starting material in good yield, even when 
forcing conditions were employed. The second one, that 
of attempting a Diels-Alder between anthracene and 
azodicarbonamide, was also unsuccessful under a variety 
of conditions. This was mainly due to the insolubility 
of azodicarbonamide in most of the inert organic solvents 
tried. 
At this juncture, it became obvious that the prepara-
tion of the dinitrile (LIV) could only be accomplished by 
means of a two-stage stepwise cyanation in which the first 
step would have to be effected with a mono-amino adduct, 
such as (LVIIId). The other group on the _hydrazo bridge 
(in this case, the ethoxycarbonyl) would serve as a 
protecting and stabilising species, and would later be 
removed under such conditions that the nitrile group 
previously introduced to the molecule would remain 
unaffected. In this manner, the mono-nitrile (LVIIIb) 
would result. 
It had previously been noted in the hydrolysis and 
mono-decarboxylation of the dimethyl-ester-adduct (LVa) in 
ethanol that ester exchange occurred, giving the mono-ethyl 
ester-adduct (LVIIId) in good yield. Strangely enough, the 
mono-methyl ester-adduct (LVIIIe) could not be prepared in 
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an analogous fashion from a methanolic solution of the 
diethyl ester- adduct (LVb). However, it was decided to 
study the effect of hydrolysis and decarboxylation of a 
solution of (LVb) in benzyl alcohol/dioxan with a view to 
preparing the mono-benzyl ester- adduct (LVIIIf). Cyanation 
of this compound, followed by hydrogenolysis of the benzyl-
oxycarbonyl group, should readily afford the desired mono-
nitrile (LVIIIb). However, only a trace of basic material 
was isolated from the attempted hydrolysis of (LVb) in 
benzyl alcohol. 
discontinued. 
Further work on this approach was 
A second route was investigated for the preparation of 
(LVIIIf). It was thought that the reaction of one 
equivalent of the biimine (LIII) with one equivalent of 
benzylchloroformate might produce the required compound 
(LVIIIf). A model reaction was tried at first, using 
ethyl chloroformate on the biimine (LIII). In this way, 
it was hoped to prepare the mono-ethyl ester-adduct (LVIIId). 
However, this reaction unexpectedly gave N,N'-diethoxy-
carbonyl-9-hydrazino-anthracene (LIX) in low yield. 
(LIX) (LX) 
Th d t h t . d b . t 
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. t 
e pro uc was c arac erise y is m.p. , is 
infrared and p.m.r. spectra. The last two definitely 
indicate structure (LIX) rather than the alternative (LX), 
which was originally suggested by Diels et a1.
101 The 
carbonyl stretch frequencies found in its infrared spectrum 
are more analogous to those found for compounds of the 
hydrazino rather than the amino type, and the splitting of 
the frequencies due to the aromatic protons, in its p.m.r. 
spectrum, are definitely not symmetrical, as would be 
expected for the A2B2 system in (LX). Further substantiat-
ing evidence for structure (LIX) can be found in the work 
of Alder and Niklas114, Stolle and Adam 128 , and Huffman 1
29, 
although Mackenzie and his co-workers107 apparently still 
agree with Diels's original structure (LX). It is 
suggested that further work on this route might afford 
the required mono-ester; lack of time has prevented a 
more complete investigation into this problem. 
The preparation of a compound like the monotrityl 
derivative of the biimine [i.e. (LVIIIg)J presents another 
approach to this synthetic problem. Such a derivative 
could be readily cyanated and then hydrogenolysed to yield 
the desired mono-nitrile (LVIIIb). The trityl group was 
chosen as a protecting species, although other similar 
alkyl groups could equally well have been utilised. 
However, when trityl chloride was reacted with the 
biimine (LIII), anthracene and triphenylcarbinol were 
obtained and no trityl derivative could be isolated. 
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Some of the above synthetic routes have not been 
explored exhaustively and it is suggested that further 
study along these lines might well achieve the eventual 
synthesis of dicyanodiimide. 
CH.APTER VI 
The preparation and properties of 
N-cyano-N'-ethoxycarbonyldiimide 
Introduction 
In the previous chapter the application of anthracene 
to a Diels-Alder reaction was discussed with regard to the 
synthesis of dicyanodiimide. It was considered that such 
a synthesis could only be achieved by means of a mono-
substituted derivative of the key intermediate, anthracene 
biimine (EIII). This chapter describes a few extensions 
to this field of chemistry and its application to the 
synthesis of N-cyano-N'-ethoxycarbonyldiimide, 
NC.N:N.C02Et, (LXI). 
Discussion 
Only two mono-substituted derivatives of the biimine 
(LIII) are considered in this chapter: the mono-ethyl ester-
adduct (LVIIId) and the mono-methyl ester- adduct (LVIIIe). 
Although only the former was employed extensively, the 
latter could equally well have been utilised. Both 
compounds were prepared in satisfactory yield by a 
modified version of Corey and Mock's original preparation 
of the anthracene -biimine11 ,127; . (LVIIId) could also be 
prepared in good yield by a concerted ester-exchange, 
hydrolysis and decarboxylation of the dimethyl ester 
adduct (LVa). 
Preparation of N-cyano-N'-ethoxycarbonyldiimide (LXI). 
It was proposed that cyanation of the mono-ethyl 
ester- adduct (LVIIId) to give the ester-nitrile (LVIIIh), 
followed by pyrolysis to effect a reverse Diels-Alder 
reaction, would offer a ready synthesis to the first 
aliphatic diazocyanide (LXI). Cyanation of the mono-ester 
(LVIIId) with cyanogen bromide gave the ester-nitrile 
(LVIIIh) in excellent yield. This compound underwent 
smooth decomposition under vacuum to give anthracene and 
the diazocyanide (LXI) in good yield. The former was 
characterised by its infrared spectrum, which was identical 
to that of an authentic specimen; the latter was character-
ised by micro-analysis, its infrared spectrum - which is 
very similar to that of either diethyl or dimethyl azo-
dicarboxylate (see infrared table I in experimental 
section) - and its p.m.r. spectrum. 
A possible alternative preparation of the diazocyanide 
(LXI), by treating Thiele 1 s 130 nitroso ethyl carbamate, 
ON.NH.C02Et or HON:N.C02Et, with aqueous potassium cyanide 
solution, is suggested. This ready synthesis can be 
modified to prepare the methyl ester diazocyanide by the 
use of nitroso methyl carbamate131 (or N-methox;ycarbonyl-
N'-hydroxydiimide). 
. . . 
- . 
. 
65 
Properties of N-cyano-li'-ethoxycarbonyldiimide. 
The diazocyanide (LXI) was an orange-red mobile oil 
with an irritant odour. It could be distilled 6imder vacuum) 
in small quantities without decomposition, although attempted 
distillation of the oil at atmospheric pressure caused 
decomposition. 
It dissolved partly in cold water and completely in 
warm, giving an orange-yellow solution. Treatment of this 
(cooled) solution with a little dilute hydrochloric acid 
caused immediate decomposition - probably due to the marked 
lability of the N-cyano group - and the evolution of carbon 
dioxide and hydrogen cyanide gas. The diazocyanide slowly 
dissolved in dilute aqueous sodium hydroxide to afford a 
deep orange-yellow solution, which showed little change on 
warming or standing for a short time. Treatment of this 
solution with hydrogen peroxide, in the hope of preparing 
the corresponding amide89, H2N.CO.N:N.C02Et, only gave an 
amorphous gum which would not yield to purification. 
It_ behaved like a diazonium salt in aqueous solution, 
a property which is not unexpected in view of the work of 
Hantszch27 and Lewis and Suhr. 28 . In this respect, however, 
it does not have the stability associated with the aromatic 
diazonium salts for it appears to enjoy only a fleeting 
existence. Presumably this is due to the lack of 
mesomeric character in the suggested structure for the 
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diazonium salt, -NC Ni N+.co2Et, formed from (LXI), as 
compared with its aromatic counterparts. Quite recently, 
the first non-aromatic diazonium salt to be isolated was 
described as being fairly stable 132 , but in this case there 
is considerable stabilisation due to mesomerism in the 
diazonium salt. Thus, the diazocyanide (LXI) in ice-cold 
aqueous solution gave a slow, visible precipitation of 
silver cyanide with cold silver nitrate solution in dilute 
nitric acid, but did not couple with 2-naphthol, the only 
visible change being one of coloration. 
The diazocyanide (LXI) also reacted as a powerful 
dienophile in the Diels-Alder reaction, and its reactivity 
in this respect approaches that of the several cis azo 
compounds described in the literature. 133 _ Thus it reacted 
exothermically with 1,4-diphenyl-1,3-butadiene, which is 
c.ontrast to the analogous reaction using diethyl azo-
dicarboxylate 107,114,134,135 and it formed the ester-
nitrile adduct (LVIIIh) readily with anthracene. The 
former product was identified by micro-analysis, its 
infrared and p.m.r. spectra; the latter by m.p. and its 
infrared spectrum, both of which _agree with those of an 
authentic specimen. 
Reduction of the diazocyanide (LXI) was attempted by 
two methods. When treated with sodium dithionite in 
boiling 10°fe aqueous methanol , a clear but impure oil was 
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obtained. Unfortunately, lack of material prevented a 
complete characterisation of the product, but the loss in 
colour during the reaction and the infrared spectrum of the 
product plainly indicate that both the azo and the nitrile 
functions had been reduced. 
It was considered that hydrogenation of (LXI) with 
Adam's catalyst in methanol would only reduce the azo bond 
of the diazocyanide. The expected product, therefore, 
would be the interesting cyanohydrazine, NC.NH.NH.C02Et 
(LXII). However, considerable decomposition of (LXI) took 
place on the surface of the catalyst at the start of 
hydrogenation and hence the yield of the reduced product 
was low. Previously, it had been noticed that the diazo-
cyanide was labile to trace impurities and _very gradually 
decomposed on keeping over a few months, but not to the 
extent found in, this case. 0.5 equivalents of hydrogen 
were absorbed to yield a colourless oil, whose infrared 
spectrum revealed that the nitrile function was still 
present. The loss of colour during hydrogenation showed 
that the azo bond had been reduced and hence it would 
appear that this hydrogenation had taken place according 
to prediction. Unfortunately, lack of material prevented 
a complete characterisation of the product. 
At this point, a further possible synthetic route to 
dicyanodiimide appeared feasible. It was considered that 
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since the N-cyano group seemed relatively stable to base, 
alkaline hydrolysis of the ester-nitrile (LVIIIh) might 
cause selective removal of the ester function without 
harming the nitrile. This would yield the mono-nitrile 
(LVIIIb), which should be readily cyanated to the dinitrile 
(LIV). However, when the ester-nitrile (LVIIIh) was 
treated with alcoholic sodium hydroxide solution under 
mild conditions11 , 127, it was discovered that the nitrile 
group was cleaved before the ester, as shown by the 
infrared spectrum taken of a sample from the reaction 
solution. 
Nevertheless, a method similar in concept to the 
above might be successful for the synthesis of 
dicyanodiimide. 
(Note added in proof): The marked lability of the N-
cyano group towards acid is probably due to the effect 
of the lone pair of the tertiary nitrogen upon the ,Ei 
orbitals of the nitrile bond, which would enhance the 
conjugative effect of this bond and hence facilitate 
protonation of the terminal nitrogen. 
CHAPTER VII 
Some attempted coupling reactions of 
various N-cyano compounds, using 
halogens to form an azo or azine bond 
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Introduction 
The synthesis of dicyanodiimide can be envisaged in 
terms of three main concepts: 
(1) A conversion of the two functional groups of a 
suitably disubstituted azo or hydrazo compound to the 
dinitrile - as discussed in chapters I and II. 
(2) A cyanation of a suitably protected hydrazine 
(or azo compound), followed by removal of the protecting 
group(s) to yield the dinitrile - as discussed in 
chapters III, IV, V, and VI. 
(3) A coupling reaction between the two halves of 
the symmetrical dicyanodiimide. 
It is this third synthetic approach that forms the 
basis of the present chapter, and the various possibilities 
thus presented are discussed with regard to the series of 
experiments described below. 
Discussion 
The concept that a "nitrogen-to-nitrogen" coupling 
might be effected by the reaction between two molecules 
of an N-metal salt and one of a halogen was suggested by 
the reported "alkylation" of silver cyanamide by alkyl 
halides136 and by silyl iodide. 137 Coupling reactions 
of this type are not unknown; the oxidative cyclisation 
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of two amino groups 138 , or the reductive cyclisation of 
two nitro groups139 are illustrative of this. Moreover, 
the analogous coupling reactions of malonyl dinitrile, 
using chlorine or sulphur monochloride, have been 
described14° for the preparation of tetracyanoethylene. 
It was hoped to apply this synthetic approach to the 
preparation of dicyanodiimide, and so a study of the 
reaction between bromine and silver cyanamide, Ag2N.CN, 
was initiated. Work was carried out on the silver salt 
mainly because of its high degree of covalent character 
compared with other cyanamide salts. 141 
Silver cyanamide was readily prepared in low yield by 
treating the hot aqueous leachings of technical calcium 
cyanamide with silver nitrate solution, and was purified 
by reprecipitation from dilute nitric acid solution with 
ammonia. 142 Treatment of this compound with bromine in 
chloroform and heating the mixture under reflux for 1.5 days 
gave a pale buff intractable powder, which contained bromine. 
Obviously, this reaction is in marked contrast to the 
reactions quoted above as analogues. Later, it was 
discovered that a closer analogue143a was available in 
the reaction between an aqueous solution of sodium cyanamide 
and bromine, which gives a mixture of unstable sodium bromo 
cyanamide, Na.NBr.CN, and sodium bromide. A comparison of 
the description of the latter reaction with that of the 
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present work shows that the two reactions are quite similar , 
although the situation is by no means proven. 
An elucidation of the above result was then sought in 
a study of the analogous reaction of bromine on silver 
dicyano-imide, Ag.N.(CN)2 • If successful, this reaction 
should have given tetracyanohydrazine, an interesting and, 
as yet, unknown member of the family of compounds containing 
only carbon and nitrogen. 
However, when silver dicyano-imide, prepared by 
Madelung and Kern's method143b, was treated with bromine 
in carbon tetrachloride and heated under reflux for 30 hours, 
onlty unchanged starting material was isolated. 
Another analogous reaction, that of bromine in ether 
on silver tricyanomethane, has already been described to 
yield bromotricyanomethane. 144 It was considered that a 
variation on the original conditions might accomplish the 
preparation of hexacyano-ethane, a compound which has 
since been described.41 
This reaction, when carried out using a solution of 
iodine in carbon tetrachloride and heating under reflux 
for 8 hours, gave a dirty red powder, which would not 
yield to purification. This may be due to the formation 
of the unstable intermediate, bromotricyanomethane, which 
decomposes on prolonged heating. 144 
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In view of these failures to achieve a "nitrogen-
to-nitrogen" coupling reaction, work was discontinued 
on this synthetic avenue. 
II 
CHAJ'TER VIII 
Suggestions for further work 
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Introduction 
This chapter introduces some of the more promising and 
interesting topics which have arisen out of the present work 
and suggests some new lines of attack for further study. 
It is by no means comprehensive, for several points, which 
have already been discussed, are not included here. 
Discussion 
(a) A study of the isomerisation exhibited by S,S'-dimethyl-
li,N'-azodithiocarbonamide (I). 
This topic has been discussed in chapter I. A fuller 
characterisation of the two isomers - which must include a 
study of their infrared (solution) and p.m.r. spectra - is 
required to distinguish between the three possible forms of 
isomerisation. If, as seems quite likely, this problem is 
due to geometrical isomerisation about the azo bond, then 
such a study would be important for it would represent, to 
the best of the author's knowledge, the first well-authentic-
ated instance of geometrical isomerisation in the aliphatic 
series of azo compounds. Analogous cases are well known 
in the aromatic series. 24c 
(b) Studies in 0-alkylation of azodicarbonamide . 
In chapter II, the 0-alkylation of azo- and hydrazo-
dicarbonamide was considered as a possible route for the 
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synthesis of dicyanodiimide. It was suggested that such 
a di-0-enol-ether derivative of the type, HN:COR.N:N.COR:NH, 
might eliminate two molecules of alcohol on pyrolysis to 
yield the required dinitrile (or possibly the bisdicarbo-
diimide - in the case of hydrazodicarbonamide). Unfortun-
ately, little progress was made because the di-enol-ether 
could not be prepared. 
It is suggested that further work, using either 
65 145 + -Werner's method , or Meerwein's reagent , Et3o BF4 , 
might accomplish the preparation of the di-enol-ether. 
In the latter case, the preparation may be prevented by 
the poor solubility of the azo- or hydrazo-dicarbonamide in 
a suitable solvent, but this difficulty may not be trouble-
some since Meerwein's reagent is so powerful an alkylating 
agent that it may be able to react in spite· of this 
disadvantage. (See, for example, reference 146.) 
Moreover, the pyrolysis of the di-enol-ether to remove 
the elements of an alcohol has some analogues in the 
literature147 and hence this approach could well be 
rewarding. 
(c) Cyanation of some dimetal azo .derivatives. 
The cyanation of the dimetal salt of diethyl hydrazo-
dicarboxylate, described in chapter III, failed because the 
salt was almost certainly not the required N,N' one. Later, 
• 
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it was discovered that such dimetal salts could be 
prepared by ~other method70 and that these readily form 
li,N'-dialkyl or diacyl derivatives on treatment with alkyl 
or acyl halides.7° Hence, the reaction of cyanogen bromide 
or chloride on the, as yet unknown, N,N'-dipotassium salt 
of dibenzyl azodicarboxylate offers a possible synthesis 
for N,N'-dicyano-N,N'-dibenzylhydrazodicarboxylate, 
- - - -
hydrogenolysis of which should afford N,N'-dicyanohydrazine. 
A model reaction could first be tried on the known N N'-
-'-
dipotassium-IT,li'-diethylhydrazodicarboxylate.7° 
(d) Synthetic studies using N,N'-dicyano-1,2,3,6-
tetrahydropyridazine (XXXVII). 
The following suggested syntheses involve the 
preparation of some new ring systems, such as (LXIII), 
and some novel compounds, such as (LXVII). Hence, 
a study of the synthetic uses of (XXVII) might be very 
rewarding and might profitably be expanded into, as 
yet unkno1:m, fields. 
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NH 
c~CN HN) A c~ ~J + H~ I > NCN NyN 
4ocrvII ) (XXXV ) t NH (LXV) 
iRNH2 (YJt~) NH CNA I NR NyN ~ 
N-i{ t 0 NH (LXIII) (LXVI ) 
NH NH OEr BF4-CNA }-N) c~~~J I N-N I I 
N"T( ~N ~YN h-
NH NH BF4- OEl-(LXIV) (LXVII) 
These syntheses are based either on the general 
re act ion of amine s on t he dinitrile «x:x¥II ) t o form 
compounds of the type (LXIII), or the general reaction 
of hydrazines on Q(XXVII), which may proceed along two paths 
to give either derivatives of (LXIV) or of (LXV). Analogues 
of (LXV) have recently been described by Snyder and 
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Michels118 and those of (LXIV) more recently by Hedaya 
and his co-workers. 148 In view of the latter work 148 , 
which describes the conversion of (LXVIII) to (LXIX) by 
heating, a study of the pyrolysis of derivatives of (LXV) 
and (LXVI) would be interesting. 
0 0 
N 
I > 
N 
0 0 0 0 
(LXVIII) (LXIX) 
The use of the dinitrile (XXXVII) rather than the 
dimethyl ester (XXXIV) is proposed because it is considered 
that (XXXIV) would undergo the above reactions only with 
difficulty or not at all [cf. the reaction of ammonia on 
(LVb), described in chapter VJ, whereas (XXXVII) should be 
more reactive. 
Hydrolysis of the di-imine (LXV) to the corresponding 
diketone, followed by dehydrogenation, might afford (LXVI). 
More vigorous reactants and conditions may be used for the 
dehydrogenation of the intermediate diketone than were used 
for the dehydrogenation of «x:z:vrr), since the diketone 
should be a much more stable entity towards heat and acid. 
Treatment of the diketone (LXVI) with Meerwein's reagent145 
offers the intriguing possibility of preparing the pseudo-
aromatic compound (LXVII), which might show cyanine-like 
colour properties. 
(e) Some extensions to the work using a Diels-Alder 
anthracene adduct. 
In chapters V and VI, it was intimated that the 
preparation of dicyanodiimide might be effected by using 
a mono-substituted-anthracene adduct, such as the mono-
trityl derivative (LVIIIg). The present discussion is 
confined solely to suggesting new methods for the prepara-
tion of a suitable mono-substituted derivative. 
Two substituents have been chosen to serve as 
protecting species: trityl and benzyloxycarbonyl (although 
the benzyl group might also be considered as a further 
alternative) . Both can speedily be removed by hydrogenol-
ysis, which, it is hoped, would hot harm any nitrile 
function present, and both afford adducts [i.e. (LVIIIg) 
and (LVIIIf)] which should readily be cyanated. 
The preparation of the first adduct (LVIIIg) might be 
effected by the action of trityl chloride on the anthracene 
biimine (LIII) - a reaction which has been investigated 
briefly in the present work, but which warrants further 
study - or by the action of trityl chloride on a mono-ester 
adduct, such as the methyl one (LVIIIe), followed by careful 
I 
I 
I ! 
I 
I 
alkaline ester hydrolysis. The preparation of the 
second adduct (LVIIIf) might be accomplished by an 
investigation into the action of benzyl chloroformate 
on the anthracene biimine (LIII), with particular 
reference to the modification of reaction conditions 
to prevent the formation of the rearranged product of 
type (LIX), similar to that found in the present work. 
The above suggestions are left open for discussion, 
but it is hoped that some, if not all, are investigated 
more fully. 
EXPERIMENTAL SECTION 
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Preface 
All melting points are uncorrected. Crystalline 
specimens were always recrystallised at least twice (in 
most cases three times) and were dried over phosphorus 
pentoxide for several hours under high vacuum. 
Nuclear magnetic resonance spectra were obtained at 
40 Mc./sec. by using a Varian Associates V 4300 B spectro-
meter and 12" electromagnet with flux stabilisation and 
sample spinning, or by using a Perkin-Elmer spectrometer 
with a permanent, temperature-controlled magnet and sample 
spinning. Positions of reference are quoted on the 't'scale 
[ 't"(SiMe4 ) = 10.00] and have been measured against tetra-
methylsilane as an internal reference. In the case of 
spectra obtained by using the Varian spectrometer, side-
bands were generated by a Muirhead-Wigan D 695 A decade 
oscillator. 
Infrared spectra were recorded on a Perkin-Elmer model 
21 instrument with sodium chloride prism, or on a Perkin-
Elmer "i:n.fracord" model (the use of which is always stated) 
with sodium chloride or potassium bromide prism. Unless 
otherwise stated, these spectra were obtained for Nujol 
or hexachlorobutadiene mulls. Ultraviolet spectra were 
obtained for 95% ethanol solutions, unless otherwise 
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specified, and were measured using a Cary model 14 
recording spectrophotometer or a Perkin- Elmer model 
137 UV spectrophotometer; the use of the latter is 
always stated in the text. Most of the ultraviolet 
data havebeen expressed in tabular or graphic form at 
the end of this section. 
Molecular weights were determined either in CH2c12 
solution by Neumayer's method149 (cf. lyengar15°), or 
in dioxan or dimethylsulphoxide solution by the 
application of thermistors to cryoscopy. 151 
Petrol ether refers to the fraction boiling 
between 40° and 60°. 
"Isomeric" S,S'-dimethyl azobisthiodicarbonamide. 
-
S,§'-Dimethyl azobisthiodicarbonamide was prepared by 
the mEf-thod of Arndt, I1ilde and Eckert46 , as a fine orange-
yellow powder, m.p. 85-90° (deep red melt) and 92-93° 
(decomp.), (lit.46 , m.p. 92-93°), V max 3285 (NH), 
1592 (C:N), 1316 (w) (p.Me), 1240, 999, 990, 978, 950, 
869 and 756 cm.-1 (see infrared spectrum Y). 
T'ne above compound (2.6 g.) was pyrolysed, as an 
intimate mixture with dry clean sand, in separate batches 
(5 x ea. 500 mg.) in a flat glass boat. This was 
positioned in a horizontal glass tube, which was surrounded 
by a heating jacket, containing n-hexane vapour. At one 
end of the tube, and placed 20 cm. away, was a very fine 
glass capillary bleed, through which oxygen-free nitrogen 
was allowed to pass. Adjacent to the other end (1 cm. from 
the end of the heating jacket) was the entrance to a vertical 
.cold finger, cooled with cold water, and positioned so that 
any sublimate from the mixture in the boat would quickly be 
deposited on it. Between the heating jacket and the cold 
finger was placed a thin plug of cotton wool, to prevent any 
solid from being "blown" from the reaction on to the cold 
finger. Vacuum was applied at the side of the cold finger 
opposite the heating tube. Each batch was pyrolysed for 
approximately 20 min. at~- 69° (b.p. n-hexane)/0.5 mm., 
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with occasional gentle draughts of nitrogen at 3 mm. 
pressure. At the end of each run, which was indicated 
by the first signs of local decomposition oft~ mix, the 
apparatus was allowed to cool, and the vacuum slowly 
released. On completing the experiment, a smell of 
mercaptan and disulphide was detected. Red-brown prisms 
of the isomer (110 mg., 4.2%) collected on the cold finger, 
and these could be purified in low yield by sublimation at 
47-58°/5 x 10-4 mm. (Higher temperatures caused decomp.) 
m.p. ~- 80° (decomp.). (Found: C, 27.35; H, 4.15; 
N, 31.15. c4H8N4s2 requires: C, 27.25; H, 4.55; N, 31.80%), 
~max (infracord) 3200, 3120 (NH), 1590 (C:N), 1320 (w) 
(S.Me), 1280, 1255, 1010, 973, 930, 868 and 748 cm.-1 
(see infrared spectrum X), t\.max (model 137 UV) 218 (s), 
and 338 (w) mp . 
Tetraacetylhydrazine. 
Hydrazodicarbonamide (1.4 g.) was heated under reflux 
with acetic anhydride (25 ml.) for 2 days. After the first 
day, the solid gradually dissolved giving a yellow-brown 
solution. Excess acetic anhydride was removed at 30° 
under vacuum and the residue crystallised on standing in 
the refrigerator. Treatment with ether gave a dirty-white 
solid (350 mg., 15%), which was sublimed at 50-80°/2 x 10-4 
mm., yielding colourless rhomboidal plates, m.p. 84-84.5° 
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( . 152 0) ( lit. , m.p. 85 • Found: C, 48.4; H, 6.3; N, 14.2. 
Cale. for cs1112N2o4 : C, 48.0; H, 6.0; N, 14.0%), ~ max 
1723 (acetyl C:O), 1225 (broad), 1025, 967 and 940 cm.-1. 
L (in CHC13), 7.64 (singlet) (CH3 .co). 
N,N'-Diethoxyoxalylhydrazine. 
A solution of hydrazine hydrate (65%, 4.0 g., 2 mol.) 
in dioxan (30 ml.) was added dropwise, with stirring, to a 
solution of ethoxyoxalyl chloride (Lights, 5.5 g., 1 mol.) 
in dioxan (30 ml.), over a period of 30 min. An ice-bath 
was used for occasional external cooling. After the 
addition of hydrazine was complete, the initial white curdy 
precipitate was stirred for one hour. The reaction mixture 
was filtered and the filtrate evaporated under vacuum to 
give a white crystalline solid (0.9 g., 10%).Reerystallisa-
tion from benzene gave needles, m.p. 125.5 - 126° (lit. 67, 
m.p. 125-126°). (Found: C, 41.3; H, 5.0; N, 12.05. 
Cale. for c8H1~ 2o6 : C, 41.4; H, 5.15; N, 12.05%), Y max 
3200 (NH), 1736 (ester C:O), 1721, 1683 (amide C:O), 
-1 1372, 1304, 1187, 1098 , 1006 , and 855 cm .. 
Disodium salt of diethyl hydrazodicarboxylate. 
(a) Using sodamide . 
Diethyl hydrazodicarboxylate (1.1 g., 1 mol.), 
prepared by Rabjohn's method71 , was heated under reflux 
in dry xylene (50 ml.) with powdered sodamide (0.5 g., 
2 mol.) for 10 hrs. .Ammonia was evolved as the reaction 
proceeded. The mixture was filtered hot yielding the salt 
as an off-white powder (1.23 g., 89%). ~ ma.x (infracord) 
3350 (w) (oveDtone of CNO-), 1700 (w) (ester C:O), 1620 
(CNO-), 1525, 1250,1120 and 1045 cm.-1 • Starting material 
(0.13 g., 12%) crystallised from the filtrate on cooling. 
A sample of the powder was dissolved in water, giving 
no visible change, and treated with dil. hydrochloric acid 
until just acid. This afforded crystals of diethyl 
hydrazodicarboxylate identified by its infrared spectrum 
(infracord). 
(b) Using sodium. 
Diethyl hydrazodicarboxylate71 (1.76 g., 1 mol.) 
was heated under reflux in dry xylene (40 ml.) with sodium 
· (0.46 g., 2 mol.) for 10 hrs. An initial blue colour 
rapidly disappeared giving way to the gradual precipitation 
of a fine white powder. The reaction mixture was filtered 
hot to give the salt as an off-white powder (2.3 g., 100%). 
This product was purer than, but otherwise identical to, 
that of the previous preparation, as indicated by infrared 
spectroseopy (infracord). 
I I 
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Reaction between cyanogen chloride and the disodium salt 
of diethyl hydrazodicarboxylate. 
Dry cyanogen chloride(~. 0.5 g.) was distilled under 
vacuum into a Carius tube containing the sodium salt 
(0.48 g.), cooled in liquid nitrogen. The tube was 
sealed under vacuum and slowly allowed to warm. As the 
cyanogen chloride melted(~. -6°), it reacted vigorously 
with the solid evolving much heat. The reaction mixture 
was then kept at 50° for 1 hr. Fractional vacuum distilla-
tion of the gaseous products on a vacuum line revealed 
nitrogen (trace), carbon dioxide(~. 2 mol~), and impure 
excess cyanogen chloride; the last two were identified by 
infrared spectroscopy (infracord). The tube was evacuated 
leaving a gummy yellow-brown residue. Evaporation of an 
ether extract of the residue gave a white crystalline 
material, which after recrystallisation from benzene 
afforded white needles (40 mg.). These were shown to be 
diethyl hydrazodicarboxylate, by comparison of their infra-
red spectrum (infracord) with that of an authentic sample. 
The residue from the extract did not yield to purification. 
Its infrared spectrum indicated it to be either inorganic 
or polymeric in nature, and showed a cyanide absorption, but 
no ester carbonyl absorption. 
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Sodium salt of ~-toluenesulphonylhydrazide . 
.E,-Toluenesulphonymhydrazide (0.93 g., 1 mol.) was 
dissolved in a solution of sodium (0.11 g., 1 mol.) in dry 
methanol (20 ml.) and left f or 1 hr . at room temperature. 
Removal of the methanol at ea. 35° under vacuum gave the 
salt as a white powder (1.03 g., 100%). V max (infracord) 
3400, 3200 (NH), 1590 (.Ar), 1205, 1155 (.so2.), 1145, 1140 
(so2-), 860 and 817 CM.-l 
A small portion of the powder was dissolved in c old 
water with no visible reaction, and t he solution made just 
acid with dil. hydrochloric acid. Evaporation of the 
solution under vacuum gave a white powder, which was shown 
to be .E,-toluenesulphonylhydrazide by comparing its infrared 
spectrum (infracord) with that of an authentic sample. 
li,li'-Dibenzoylhydrazine. 
Dry potassium azodicarboxylate, prepared by Thiele's 
method1d, was treated with a few drops of benzoyl chloride 
and left overnight. The yellow colour slowly disappeared 
and a faint gaseous evolution was discerned. The product 
was coagulated by treatment with ether, filtered, washed 
well with water and dried by suction. It was shown to be 
N,N'-dibenzoylhydrazine by a comparison of its infrared 
spectrum (infracord) with that of an authentic sample.76 
Reaction between cyanogen chloride and potassium 
azodicarboxylate. 
Dry excess cyanogen chloride was distilled under 
vacuum into a Carius tube, which contained dry potassium 
azodicarboxylate (0.75 g.), cooled in liquid nitrogen. 
The tube was sealed under vacuum and slowly allowed to 
warm. At room temperature a gentle evolution of gas began. 
The tube was maintained at room temperature for 2 hrs. and 
then heated to 50° for a further 6 hrs., which slightly 
accelerated the rate of gaseous evolution. Throughout 
the reaction the pale yellow azo colour persisted. 
Fractional vacuum distillation of the gaseous products 
revealed a trace amount of nitrogen, carbon dioxide (ea. 
2 mol.) and impure excess cyanogen chloride; the last two 
were identified by infrared spectroscopy (infracord). The 
tube was evacuated at ea. 40° to yield a pale yellow powder 
(0.72 g.) which resisted all attempts at purification; it 
being only partly soluble in solvents such as water or 
liquid sulphur dioxide. Its infrared spectrum (infracord) 
suggested the formation of an inorganic salt and showed 
the presence of cyanide. 
Attempted preparation of potassium hydrazodicarboxylate. 
Hydrazodicarbonamide was added in small portions to a 
concentrated (1:1) aq. solution of potassium hydroxide wi t h 
89 
shaking. Gentle warming of the mixture gave an immediate 
smell of ammonia, and, after keeping at room temperature for 
several days, a yellow colour developed. The mixture was 
filtered, washed carefully with water and dried at the 
pump to yield some unchanged starting material. Addition 
of ethanol to the yellow filtrate afforded pale lemon-yellow 
needles of potassium azodicarboxylate. Both products were 
identified by comparing their infrared spectra (infracord) 
with those of authentic samples. 
Benzal azine. 
Hydrazine hydrate (65%, 12.5 g., 1 mol.) in ethanol 
(25 ml.) was treated dropwise, and with stirring, with a 
solution of crude benzaldehyde (79.5 g., 3 mol.) in ethanol 
(50 ml.) over a period of 15 min. The reaction was 
exothermic and developed a yellow colour. It was heated 
under reflux for 20 min. and filtered hot. On cooling, 
the solution crystallised to a mass of pale-yellow prisms 
(46.9 g., 90%), m.p. 90.5 - 91.5°. Recrystallisation from 
methanol afforded micro-prisms, m.p. 91.5 - 92° (lit. 87, 
m.p. 93°). 
Benzalbenzylhydrazone (XIX). 
A solution of benzalazine (2.6 g., 1 mol.) in 95% 
ethanol (75 ml.) was heated under reflux with constant 
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stirring for 3 hrs., during which time sodium borohydride 
(0.95 g., 2 mol.) was added. Hea:b:ing was continued for a 
further 2.5 hrs., although the azine yellow colour had 
gradually disappeared during the first 1.5 hr. The 
reaction mixture was cooled, diluted with water(~. 
70 ml.) and extracted twice with ether. The extract was 
dried (Na2so4) and evaporated under vacuum at room 
temperature to yield white granular prisms of the hydrazone 
(2.17 g., 82.5%1, m.p. 61-64.5° (slight decomp.). 
Recrystallised from aq. methanol it had m.p. 66-67° 
(lit. 86, 88 , m.p. 65°). (Found: C, 79.5; H, 6.15. 
Cale. for c14H14N2:. C, 79-9; H, 6.7%), ~ max (infracord) 
3330 (NH), 1595 (C:N), 1570 (Ar), 1140, 752 and 694 cm.-1. 
Acetylbenzalbenzylhydrazone. 
Benzalbenzylhydrazone (1 g.) was heated under reflux 
with acetic anhydride (4 ml.) and glacial acetic acid 
(3 ml.) for 22 min. The resultant solution was filtered 
hot through sintered glass, and, after cooling, was poured 
into an excess of water. After basification with dil. 
sodium hydroxide solution and cooling to o0 , the solution 
yielded a crystalline precipitate which was recrystallised 
from aq. methanol, giving white micro-needles (370 mg., 
31%), m.p. 76.5 - 77° (lit. 86 ,88 , m.p. 78°). (Found: 
C, 76.45; H, 6 .7; N, 10 .8. 
91 
C, 76.15; H, 6.4; N, 11.1%), ~ max 1670 (acetyl C:O), 
1599 (O:N), 1570, 1494 (Ar}, 973, 756, 729 and 688 cm. - 1 
"( (in 00~4), 7.52 (OH3.co.), 4.82 (Ph.OH2 .N), 2.81 
(.Ax protons) and "( 2.47 (Ph.OH:N). 
BenzyllJhydrazine hydrochloride. 
A solution of benzalbenzylhydrazone in hot ethanol 
(15 ml.) was treated with cone. hydrochloric acid (2 ml.) 
and left overnight. Very impure cream crystals (400 mg., 
40"fe) separated. Recrystallisation from aq. methanol 
afforded white prisms, m.:Q. 110-111° (lit. 86 , m.:p. 111°). 
Benzalbenzylcyanohydrazone (XX). 
Benzalbenzylhydrazone (500 mg., 1 mol.), dissolved in 
methanol (25 ml.), was treated with a solution of cyanogen 
bromide ( 750 mg. , 3 mol.) in methanol (20 ml.), in the 
:presence of sodium bicarbonate :powder (400 mg., 2 mol.). 
The mixture was heated at 47° ± 2° with constant stirring 
for 2.75 hrs., and then filtered hot. Evaporation of the 
filtrate tinder vacuum gave an oily residue which was 
extracted with warm chloroform. The chloroform extract 
was evaporated under vacuum to give 'a pale yellow oil, which 
was distilled at 110-120°/1.5 x 10-4 mm. The cyanohydrazone 
slowly crystallised from the oil on standing overnight in 
the refrigerator. Sublimation of the waxy solid at 
110-130°/10-3 mm. gave a clear oil, which, on standing 
and cooling, crystallised as white needles, m.p. 42.5 - 44°. 
(Found: C, 77-3; H, 5-75; N, 18.1. c15H~ 3N3 requires: 
C, 76.55; H, 5-55; N, 17.85%), V max 2200 (C :N), 1607 (w) 
~ 1 II f (C:N), 1572, 1498 (w) (Ar), 953, 754, 723 and 686 cm.-
'r (in cc14), 5.27 (Ph.CH2 .N), 2.64 (Ar protons), and 
~ 2.00 (Ph.CH:N). 
Cyano-N,N'-dibenzylhydrazine (XXI). 
(a) From N,N'-dibenzylhydrazine hydrochloride. 
N,IT'-Dibenzylhydrazine hydrochloride, prepared by the 
method of Curtius86 (750 mg., 1 mol.), was dissolved in 
ethanol (20 ml.) and treated with a solution of cyanogen 
bromide (425 mg. , 4 mol. ) in ethanol ( 30 ml.) , in the 
presence of sodium bicarbonate powder (1000 mg., 4 mol.). 
The resultant suspension was heated at 55° ± 3° for 3 hrs. 
with constant stirring. After cooling, it was filtered 
and the filtrate was evaporated under vacuum to yield an 
oily residue which was extracted with hot chloroform. 
Evaporation of the extract afforded a pale yellow oil 
(500 mg., 7Cffe), which, upon two fractional micro-distilla-
tions, gave the cyanohydrazine as a colourless oil, b.p. 
120-121° (bath temp. )/2 x 10-4 mm. This oil solidifi_ed 
0 to a white wax, m.p . .£.§:• 20, when kept in a refrigerator. 
(Found: C, 74.8; H, 6.45; N, 17.45. 
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C, 75.9; H, 6.35; N, 17.7%), Y max 3250 (NH), 3020, 2910, 
. -
2845 (CH), 2200 (C :N), 1604, 1587, 1497 (Ar), 1363, 1075, 
1027, 735 and 694 cm.-1 "( (in Cc14 ), 6.18, 6.06 (Ph.CH2.NH), 
5.95 (Ph.CH2 .N.GN), 5.62 (triplet) (w), (NH), 2.72 (Ar 
protons) and rr 5.30, 2.00 (v.w.) [trace impurity of (XX)]. 
(b) From N,N'-dibenzylhydrazine. 
N,N'-Dibenzylhydrazine (4.25 g., 1 mol.) prepared by 
the method of Curtius86 was dissolved in ethanol (20 ml.) 
and treated with a solution of cyanogen bromide (6.36 g., 
3 mol.) in ethanol (40 ml.), in the presence of sodium 
bicarbonate powder (3.36 g., 2 mol.). The resultant 
suspension was heated at 57° + 2° for 3 hrs. with stirring. 
The above work-up afforded the crude cyanohydrazine as a 
yellow oil (4.53 g., 95%), whose infrared spectrum 
(infracord) was identical to that of the product from the 
previous experiment. 
Carbamoyl-Il,_li' -di benzylhydrazine (XXII) . 
Impure cyano-N, ~-' -di benzylhydrazine ( 800 mg. ) was 
treated with 6% hydrogen peroxide solution (40 ml.) and a 
few drops of dil. sodium hydroxide solution and stirred 
overnight. 89 A gummy cream solid resulted which was 
crystallised with much difficulty from aq. ethanol and 
aq. methanol, to give the amide as a fine white powder 
(350 mg., 400fa), m.p. 111-113°. (Found: C, 69.5; H, 5.6; 
N, 16.4. c15n17N3o requires: C, 70.55; H, 6.7; 
N, 16.45%), (J 3423, 3335, 3215 (NH), 1687 (amide I, max 
C:O), 1642 (amide II, NH2), 1584 (Ar), 1561, 1494 (Ar), 
945, 752, 728 and 689 -1 cm. . 
Reaction of cyanogen bromide with cyano-N,N'-dibenzyl-
hydrazine in dioxan. 
A solution of cyano-N,li'-dibenzylhydrazine (1 g., 
1 mol.) and cyanogen bromide (0.9 g., 2 mol.) in dry dioxan 
(30 ml.) was sealed in a Carius tube with sodium bicarbonate 
powder (354 mg., 1 mol.) and heated at 100° for 4.5 hrs. 
The reaction mixture was filtered and washed with dioxan 
(10 ml.). On evaporation under vacuum, the -filtrate gave 
an orange-red oil which was fractionally distilled, yielding 
a pale yellow oil, b.p. 120-150°;10-3 mm. and an impure 
yellow oil, b.p. 150-260°/10-3 mm. The first fraction 
solidified to a wax on cooling and standing overnight; 
this was ~ublimed at 110-130°;10-3 mm. to afford a clear 
oil which, on cooling and standing, crystallised in white 
0 
needles of the benzalbenzylcyanohydrazone, m.p. 43.5 - 45, 
the infrared spectrum (infracord) of which was identical to 
that of an authentic specimen. 
95 
2-Benzyl-3-oxo-5-phenyl- .6.4-1,2 24-triazoline (XXIV). 
Cyano-N,N'-dibenzylhydrazine (1 g., 1 mol.) and 
cyanogen bromide (0.9 g., 2 mol.) in ethanolic solution 
(ea. 40 ml.) were sealed in a Carius tube with s odium 
bicarbonate powder (354 mg., 1 mol.) and heated at 120° 
for 5 hrs. The contents of the tube were filtered hot 
and washed with a little ethanol. On cooling, the filtrate 
dep.osi ted white needles (300 mg., 28%) of i mpure triazoline 
( contaminated with an amidic substance , V max (infracord) 
3420 , 3320 (NH), 1650 (amide C:O) and 1588 ~-1 (Ar) 
't (in dimethyl sulphoxide), 6.6 (NH), 3.80 (broad and w.) 
(amide NH) and 2.75 ( Pk .CH.N2)). Repeated recrystallisa-
tion from methanol afforded white needles, m.p. 229-230°, 
which, on sublimation at 150-190°/10-3 mm., gave a white 
powder, m.p. 226-227°. (Found: C, 71.8; H, 5.1; N, 16.55. 
c15n15N3o requires: C, 71.7; H, 5.2; N, 16.7%), 'Y max 
3000 (H-bonded NR), 1688 (amide C:O.), 1604 (C:N), 1563 
(Ar), 1117, 964, 819, 787, 710 and 686 cm. - 1 L (in dimethyl 
sulphoxide), 5.00 ( Ph .CH2 .N) and 't 2.60 (Ar). 
Removal of the ethanol under vacuum from the mother 
liquors yielded an oily residue, which, on extraction with 
warm chloroform and evaporation of the chloroform under 
vacuum, gave a yellow-orange oil. Distillation of this 
oil at 50-80°/2 x 10-4 mm. on to a vertical cold finger 
afforded large colourless tablets (200 mg.) of urethan, 
11111 
m.p. 48-49° (lit.91 , m.p. 49°). (Found: N, 15.8. Cale. 
for c3H7No2 : N, 15.7%), V~ax (infracord), 3400, 3200 
(NH), 1685 (urethan C:O), 1610 (amide II, NH2), 1080, 860 
and 792 cm.-1 (lit.9°, 3400, 3200, 1680 and 1610 cm.-1 ). 
Benzophenone azine (XXVI). 
Benzophenone (30.3 g., 2 mol.), hydrazine hydrate 
(65%; 4.1 g., 1 mol.) and cone. hydrochloric acid (5 drops) 
were heated together under reflux in ethanol (20 ml.) for 
24 hrs. Large granular crystals separated as the reaction 
proceeded. The reaction mixture was filtered cold, giving 
pale yellow granular prisms (26.41 g., 86%), m.p. 158-160°. 
Recrystallisation from methanol gave very pale yellow 
needles, m.p. 165.5 - 167° (lit.95, m.p. 164°). (Found: 
C, 86.5; H, 5.8; N, 7.65. 
H, 5.6; N, 7-75%.) 
N,N'-Bisdiphenylmethylhydrazine diacetate. 
A solution of benzophenone azine (5.0 g.) in glacial 
acetic acid (250 ml.) was hydrogenated with Adam's catalyst 
(500 mg.) in an autoclave at 75° and 35 atmospheres of 
hydrogen for 5 hrs. The resultant mixture was filtered 
cold and the acetic acid removed from the filtrate under 
vacuum, leaving a brown gummy crystalline mass. This was 
recrystallised from ethanol yielding a buff powder (2.58 g., 
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39%). Sublimation of the powder at 90-100°/3 x 10-3 mm. 
gave white prisms of the diacetate, m.p. 138-139.5°. 
(Found: C, 75.2; H, 6.75; N, 5.45. 
C. 74-35; H, 6.65; N, 5.8%.) (This sample could not be 
obtained micro-analytically pure.) Y max 2630, 2240 (NH+), 
1644 (Co2-), 1562 (Ar), 1158, 750, 734 and 696 cm.-1 • 
Further sublimation of the powder at 130-140°/ 
3 x 10-3 mm. afforded a very small yield of white micro-
crystals, m.p. 153.5 - 154°, which was a mixture of.£§:.· 60°fe 
N,N'-bisdiphenylmethylhydrazine, reported95 m.p. 110-130° 
and ea. 40% tetraphenylethane, reported95 m.p. 208-210°. 
(Found: C, 90.35; H, 6.95; N, 4.25. Cale. for c26H24N2 : C, 85.65; H, 6.65; N, 7.7. Cale. for c26H22 : C, 93-4; 
H, 6.65%), Y max (infracord), 1620, 1600, 1490 (Ar), 780, 
755 and 695 cm.-1. 
Reaction of cyanogen bromide with N,N'-ditritylhydrazine. 
Cyanogen bromide(.£§:.. 320 Dig., 3 mol.) was dissolved 
in a solution of N,N'-ditritylhydrazine in a chloroform/ 
ethyl acetate mixture (1:2) (30 ml.) and sealed in a Carius 
tube with sodium bicarbonate powder (168 mg., 2 mol.). 
The mixture was heated at 106 ± 4° for 7.5 hrs., whereupon 
it was cooled, filtered and washed with hot ethanol. 
Evaporation of the combined washings and filtrate under 
vacuum gave red-brown oily crystals of triphenylcarbinol. 
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These were sublimed at 90-130°/10-3 mm. as a pale yellow 
oil, which later crystallised to a waxy solid (100 mg., 
19%), m.p. 158-159°, reported153 m.p. 162.5°. An 
authentic sample had m.p. 162°; mixed m.p. 159-159-5°. 
The infrared spectra (infracord) of the product and of 
the authentic material were identical. 
2,3-Dibenzyloxycarbonyl-2,3-diazabicyclo[2,2,1]hept-5-ene 
(XXIXb). 
(a) Preparation of isomer A. 
Freshly distilled cyclopentadiene (1.0 g., 1.5 mol.) 
was treated with a solution of dibenzyl azodicarboxylate 
(2.98 g., 1 mol.), prepared from dibenzyl hydrazodicarb-
oxylate73 by oxidation with bromine 116 , in ether (12 ml.) 
at 0-5°. The reaction solution was kept in a refrigerator 
overnight; its yellow colour gradually disappeared and 
white micro-prisms of the diester-adduct separated (1.68 g., 
46%). These were recrystallised with the minimum amount 
of heating from aq. ethanol as prisms, m.p. 64.5 - 66°. 
(Found: C, 68.95; H, 5-55; N, 7.85; M (in dioxan), 370. 
c21H20N2o4 requires: C, 69.2
; H, 5~5; N, 7.7%; M, 364), 
Yma.x 2924 (CH), 1723 (ester C:O), 1502 (Ar), 1173, 764, 
737 and 691 cm.-1 (see infrared spectrum II) and ~ ma.x 
(in CHC13 ), 1740, 1710 (ester C:O), 1520, 1503 (Ar), 1392, 
1214, 1172, 1109 and 924 cm.-1 (\ 256 mJA ( t 899); ma.x r 
-- . 
' 
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"t(in CCl4), 8.39 (triplet) (ring .CH2 .), 4.89 [(a) two 
.CH2 .Ph and (b) two bridgehead .CH.), 3.54 (asymmetric 
quartet) ( . CH: CH. ) and L 2 . 71 ( ten A:r protons) • 
(b) Preparation of isomer B. 
Dibenzyl azodicarboxylate (11.92 g., 1 mol.) in ether 
(35 ml.) was treated with freshly distilled cyclopentadiene 
(4.00 g., 1.5 mol.) at~- 5°. The reaction was left at 
room temperature for 2 hrs. and then heated under reflux 
for 10-15 min. White crystals of the diester-adduct 
separated on cooling (12.20 g., 83%); recrystallisation 
from methanol-ether-petrol ether afforded large granular 
prisms, m.p. 91-91.5°, mixed m.p. 64-88° (of isomers A and 
B), pKB ~· 7.0. (Found: C, 69.35; H, 5.8; N, 7.5% 
M (in dioxan), 355), Y max 3045, 2944 (CH), 1751, 1730 
(ester C:O), 1504 (Ar), 1171, 763, 746, 730 and 700 cm.-1 
(see infrared spectrum II) and V ~ (in CHC13 ), 1740, 
1710 (ester C:O), 1519, 1504 (Ar), 1390, 1215, 1170, 1104 
and 920 cm. - 1 A~ 256 ~ ( E 490), 'L (in cc14 ), 
8.40 (triplet) (ring .CH2 .), 4.88 [(a) t wo .cH2 .Pb. and 
(b) two bridgehead .CH. 1 , 3.55 (triplet) (.CH:CH.) and 
'( 2. 71 (Ar protons). 
(c) Conversion of isomer A to isomer B. 
Isomer A (100 mg .) was heated under reflux in dry 
ethanol solution(.£.§:. 15 ml.) for 30 min. Removal of the 
ethanol under vacuum and crystallisation of the resultant 
oil from methanol-ether-petrol ether gave white plates of 
isomer B (90 mg., 90%), m.p. 90.5°. Infrared spectroscopy 
(infracord) confirmed this inter-conversion. 
2,3-Dibenzyloxycarbonyl-7-oxa-2,3-diazabicyclo[2,2 21]hept-
5Ten~. 
Furan (4.0 g., 3 ml., 3 mol.) dissolved in dry ether 
(5 ml.) was treated with a solution of dibenzyl azodicarb-
oxylate (6 g., 1 mol.) in dry ether (10 ml.) at o0 and kept 
at room temperature for 2 days. The yellow azo colour 
gradually disappeared during this time. The reaction 
solution was treated with animal charcoal in the cold and 
the ether was removed from the filtrate under vacuum, 
yielding an almost colourless viscous oil (7.2 g., 76%), 
which could be distilled (but not purified) at 140-220°/ 
5 x 10-4 mm. Further purification of the adduct was 
effected by silica column chromatography, eluting success-
ively with (1) petrol ether/benzene (75:25), (2) petrol 
ether/benzene (50:50), (3) benzene and (4) acetone. 
Evaporation of the second fraction under vacuum gave a 
clear gum (1.0 g.) which, on dissolving in dry ether and 
evacuating at 0.2 - 0.3 mm. for 4 hrs.,afforded a white 
fluffy solid, Which would not yield to crystallisation 
(and hence could not be obtained micro-analytically pure), 
m.p. ea. 60°. (Found: C, 64.25; H, 5.3; N, 7.55. 
c20H18N2o4 requires: C, 65. 55; H, 4. 9; N, 7. 65%), 
'V max 3285 (impurity), 1723 (ester C:O), 1501 (Ar), 
732 and 691 cm.-1 't' (in 0014 ), 4.95 (.CH2 .Ph), 4.24 
(bridgehead .CH.), 3.80 (.CH:CH.) and~ 2.84 (Ar protons). 
1,2-Dimethoxycarbonyl-1,2,3,6-tetrahydropyridazine (XXXIV). 
Freshly distilled butadiene (25 ml.,~· 15 g., 2 mol.) 
in dry ether (30 ml.) was treated with a solution of 
dimethyl azodicarboxylate43 (20 g., 1 mol.) in dry ether 
(30 ml.) at o0 • The solution was kept in a refrigerator 
overnight and then left at room temperature for 4 days, 
during which time it slowly became colourless. Some of 
the ether was removed under vacuum and petrol ether was 
added. The adduct (25.97 g., 95%) separated on keeping 
in a refrigerator and was recrystallised from ether/petrol 
ether as white granular prisms, m.p. 41-42°. (Found: 
C, 48.0; H, 5.85; N, 14.2; M (in CH2c12 ), 202. C8H12N2o4 
requires: C, 48.0; H, 6.0; N, 14.0%; M, 200), V max 1700 
(ester C:O), 1221, 1071, 1001, 854, 756 and 690 cm.-1 
'( (in cc14 ), 6.25 (ester methoxyls), 6.02, 5.77, 5.37 
(ring .CH2 .) and 't 4.17 (.CH:CH.). 
1,2,3,6-Tetrahydrop:yridazine (XXXV). 
This compound was prepared from 1,2-dimethoxycarbonyl-
1,2,3,6-tetrahydropyridazine in 67.5% yield by Baranger 
and Levisalles's method11 5 as a colourless oil with an 
obnoxious odour, ~ max (infracord) (liquid film), 3260 
(N1I), 2900 (CH), 1690 (v~w.) (C:O impurity), 1087, 1005, 
895 and 835 cm.-1 "( (as liquid), 6.70 (ring .CH2 .), 
6.03 (N1I) and"( 4.13 (.CH:CH.). 
Further fractional distillation afforded 
1-methox:ycarbonyl-1,2,3,6-tetrahydrop:yridazine in 26% 
yield, as a very pale yellow oil, b.p. 105-135°/.£.§;. 15 mm. 
On standing in the refrigerator this oil crystallised as 
white rosettes, m.p. 10-15°, ':J max (infracord) (liquid 
film), 3250 (N1I), 1695 (ester C:O), 1650 (amide II), 1225 
and 1120 -1 cm. • Neither compound was purified beyond a 
slightly impure state. 
1,2-Dibenzoyl-1,2,3 26-tetrahydropyridazine. 
1,2,3,6-Tetrahydropyridazine was dissolved in dil. 
sodium hydro~de solution and treated dropwise with benzoyl 
chloride. External cooling was used, as the reaction was 
immediate and exothermic. The product was crystallised 
from aq. methanol to give white prisms, m.p. 164.5 - 165° 
lit. 115, m.p. 160.5°). (Found: C, 73.7; H, 5.0; N, 10.05; 
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H, 5.5; N, 9.6%; M, 292), :J max 1680, 1662 (amide C:O), 
1603, 1498 (Ar), 1258, 1150, 887, 791, 729 and 694 cm.-1 
't' (in CHCl3), 5.80 (ring .CHa·), and ,::- 4.20 ( . CH:CH.). ,I , 
1,2-Dicyano-1,2,3,6-tetrahydropyridazine (XXXV~. 
A solution of 1,2,3,6-tetrahydropyridazine (24.57 g., 
1 mol.) in ethanol (200 ml.), containing sodium bicarbonate 
powder (49.14 g., 2 mol.), was treated with a solution of 
cyanogen bromide (93 g., 3 mol.) in ethanol (250 ml.) and 
heated at 50 ~ 4° for 1.5 hr. The ethanol was removed 
under vacuum to leave an oily residue which was partitioned 
between ether and water. The aqueous layer was extracted 
twice with ether, which was dried (Na2so4 ) and the ether 
evaporated. The resultant pale yellow oil was purified 
either by distillation at 95-110°/1.5 x 10-4 mm·., giving 
a colourless oil, or better, by crystallisation in a 
refrigerator, from an acetone-ether-petrol ether mixture 
to give large granular white prisms of the dicyano-compound, 
m.p. 30.5 - 31.5° (26.75 g., 68%). (Found: C, 53.7; 
H, 4.1; N, 42.1; M (in CH2c12 ), 135. C6H6N4 requires: 
C, 53.75; H, 4.5; N, 41.8%; M, 134), Y max 2920 (CH), 
2220 (C:N), 1182, 1131, 919, 910, 798 and 695 cm.-1 
"'( (in CC14 ) 5.96 (ring .CH2 .) and"( 4.01 (.CH:CH.). 
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1,2-Dicarba.moyl-4,5-dibromohexahydropyridazine (XXXVIII). 
1, 2-Dicyano-1, 2, 3, 6-tet.rahydropyridazine, dissolved 
in chloroform (10 ml.), was treated with an excess of a 
solution of bromine in chloroform (30 ml.) and heated 
under reflux for 7 min. Evaporation of the chloroform 
under vacuum at room temperature and extraction of the 
residue with acetone left an off-white powder (490 mg., 
20%). The diamide was recrystallised from ethanol~petrol 
ether, giving a white powder, which could not be obtained 
micro-analytically pure. It did not melt below 360°, but 
darkened gradually from ea. 188° and shrank at~- 265°. 
(Found: C, 22.75; H, 3.1; N, 17.25. C6H10N4Br2o2 
requires: C, 21.85; H, 3.05; N, 17.0%), V max 3230, 
3040 (NH), 1642 (amide C:O), 1575 (amide II), 1502, 1350, 
1070 and 715 (C.Br ~-), 673, 616 (C.Br ~.) ·cm.-
1 
(infracord KBr model). 
1,2-Dicyano-4,5-dibromohexahydropyridazine (XXXIX). 
To 1,2-dicyano-1,2,3,6-tetrahydropyridazine (3 g.), 
dissolved· in A.R. chloroform (30 ml., previously dried over 
alumina), was added a solution of A.R. bromine(~. 1 ml.) 
in dry A.R. chloroform (40 ml.) under oxygen-free nitrogen. 
Each solution was flushed with nitrogen just before the 
addition and the reaction solution was finally stoppered 
under nitrogen. After standing overnight yellow needles 
had separated. These were washed twice with hot acetone 
leaving the dia.m.ide as a buff powder (500 mg., 7%). 
Evaporation of the combined filtrate and washings afforded 
an oily solid, which was purified by careful washing with 
a little cold acetone-ether mixture, giving the dibromo-
dinitrile as an off-white powder (3.35 g., 51%). 
Sublimation of the powder at 100-140°/1 x 10-4 mm. yielded 
white needles, m.p. ~· 168° (darkens above 150°). 
(Found: C, 24.3; H, 1.9; N, 18.75; Br, 55.35; M (in 
dioxan), 285, and (in dimethyl sulphoxide), 309. 
c6H6N4Br2 requires: C, 24.5; H, 2.05; N, 19.05; Br, 
54.35%; M, 294), Y max 2993 (CH), 2244 (C:N), 1430, 1158, 
1049, 796 and 712 (C.Br ~.), 558 cm.-1 (C.Br ~-) 
(infracord KBr model),"( (in CH3CN), 6.12, 5.73 and 
'( 5.39 (complex splitting, due to A2B2c2 system of ring 
.CH's). 
N-Ethoxycarbonyl-9,10-dihydro-9,10-hydrazo-anthracene 
(LVIIId). 
The following series of mild decarboxylations are 
experimental modifications based upon Corey•s11 ,1 28 
preparation of 9,10-dihydro-9,10-hydrazo-anthracene (LIII). 
Each experiment describes a typical run, because the 
reaction yields vary, being greatly influenced by trace 
impurities or by minor alterations in technique. 
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(a) From N,N'-diethoxycarbonyl-9,10-dihydro-9,10-hydrazo-
anthracene (LVb). 
kn ethanolic solution of sodium ethoxide was prepared 
by dissolving clean sodium (11.7 g.) (freshly washed with 
ethanol) in absolute (or dry) ethanol (260 ml.) and then 
cooled to room temperature under nitrogen. The adduct of 
anthracene and diethyl azodicarboxylate71 (m.p. 139-140°, 
reported127 m.p. 138°) (15.18 g.), prepared according to 
the procedure of Diels127, was dissolved in hot dry ethanol 
(170 ml.) and the resultant solution was added to the basic 
solution, followed by de-ionised water (9 ml.). The 
reaction mixture was flushed several times with nitrogen 
and then stoppered up for 12.5 hrs. at 25°. At the end 
of this time de-ionised water (15 ml.) (containing a trace 
of ethylenediaminetetra-acetic acid, disodium salt) was 
added and most of the ethanol removed on a rotary 
evaporator, keeping the temperature below 40°. The 
residue was taken up in ice-water and neutralised as 
quickly as ~ossible with hydrochloric acid, whilst keeping 
the mixture cold by external cooling. Towards the end of 
the neutralisation a large volume of carbon dioxide was 
evolved. The resultant acidic solution was filtered 
rapidly to remove unchanged adduct (5.3 g., 3.5%) and the 
filtrate was made basic with aq. sodium hydroxide. A 
white powder precipitated which was filtered off, washed 
with water and digested with 20% aq. acetic acid. The 
mixture was refiltered, washed well with water and dried 
at the pump to yield the monoester-adduct as a white powder 
(4.0 g., 33%); purified by reprecipitation it had m.p. 
147-148° '(decomp.) (red-brown melt 181-195°), reported128 
m.p. 160° (decomp.). It ran as one spot on a thin layer 
silica chromatogram with the following eluants: EtOH, cc14 , 
benzene and petrol ether, iodine being used as the developer. 
(Found: C, 73.2; H, 5.7; N, 10.05. c1~ 16N2o2 requires: 
C, 72.85; H, 5.7; N, 10.0%), V max 3200 (NH), 1680, 1660 
(urethan: c:o), 1480 (Ar), 1376, 1250, 1119, 1094, 762 and 
750 cm. - 1 , reported128 ::J m~ 1690, 1670 cm. - 1 , "r (in 
CDC13 ), 8.84 (triplet) (3 protons of CH3 • of ethoxyl), 
5.91 (quartet) (3 protons; 2 protons of .CH2 • of ethoxyl; 
1 proton of NH [non-resolvable from ethoxyl quartet]), 
4.66 (one bridgehead .CH. adjacent to NH), 3.71 (one 
bridgehead .CH. adjacent to .NC02Et) and~ 2.68 (.A:r 
protons). 
Basification of the acetic acid filtrate with aq. 
sodium hydro~ide afforded 9,10-dihydro-9,10-hydrazo-
anthracene (1.34 g., 15%) as a white powder which was 
purified by reprecipitation. This compound decomposed 
~- 107° without melting but with evolution of gas, leaving 
a solid residue of anthracene; Corey11 , 128 reported similar 
decomposition at ea. 100°. (Found: C, 81.1; H, 5.9; 
N, 13.05. Cale. for c14H12N2 : C, 80.75; H, 5.8; 
N, 13.45%), V max 3210 (NH), 1174, 1007, 756, 750 and 
740 cm.-1 , reported128 (KBr disc), 3300 and 1500 cm.-1 
't (in CH c13 ) 6.80 ( .NH.NH.), 4.82 (two bridgehead .CH.' s), 
2.55, 2.15, and ~ 1.60 (Ar protons; part of an A2B2 system 
partly engulfed by CHC13 solvent peak at 1:' 2.73). 
Wherever possible the above work-up procedure was 
carried out under nitrogen, using external ice-cooling. 
(b) From N,N'-dimethoxycarbonyl-9 210-dihydro-9 210-hydrazo-
anthracene (LVa). 
The starting material was prepared by Diels, Schmidt 
and Witte's method127 from anth.racene and dimethyl azo-
dicarboxylate43 in 81% yield. It crystallised from 
methanol as white needles, m.p. 194.5 - 195.3°,· reported127 
m.p. 192°. (Found: C, 66.45; H, 5.15; N, 8.95. Cale. 
for c18H16N2o4 : C, 66.65; H, 4.95; N, 8.65%), V max 2965 
(CH), 1721 (ester C:O), 1446, 1246, 1119, 923, 816 and 
760 -1 cm. • 
This adduct (23.5 g.), dissolved in hot absolute 
ethanol (350 ml.), was poured into a solution of clean 
sodium (19.7 g.) in absolute ethanol (500 ml.) at room 
temperature under nitrogen. De-ionised water (12 ml.) 
was added and the resultant solution was stoppered up under 
nitrogen as before, and kept at 25° for 16 hrs. Addition 
of more de-ionised water (20 ml.), followed by the work-up 
procedure described above, afforded the monoester-adduct 
(12.85 g., 63%), partly soluble in dilute hydrochloric acid 
and the anthracene diimine (4.3 g., 28.5%), soluble in 
dilute acetic acid. 
N-Methoxycarbonyl-9,10-dihydro-9,10-hydrazo-anthracene 
(LVIIIe). 
N,N'-Dimethoxycarbonyl-9,10-dihydro-9,10-hydrazo-
anthracene127 (10 g.) was dissolved in a hot mixture of 
dry dioxan (150 ml.) and dry methanol (50 ml.). This 
solution was added to a solution of clean sodium (8 g.) in 
dry methanol (200 ml.) at room temperature under nitrogen. 
De-ionised water (6 ml.) was poured into the reaction 
solution, which was then stoppered up under nitrogen and 
maintained at 25° for 14.5 hrs. More de-ionised water 
(10 ml.) was added and the mixture worked-up as before to 
yield unchanged starting material (5.26 g., 52.6%), 
insoluble in dilute hydrochloric acid, anthracene-biimine 
(1.27 g., 20%), soluble in dilute acetic acid, and the 
monomethylester-adduct (1.4 g., 17%), soluble in dilute 
hydrochloric acid. Filtration of a solution of the 
monomethylester in dilute hydrochloric acid, followed by 
basification of its filtrate,afforded the monomethylester 
as a fine, slightly off-white powder, m.p. 152-153° (decomp.) 
(red melt 183-195°). (Found: C, 72.0; H, 5.15; N, 10.4. 
c16H14N2o2 requires: C, 72.2; H, 5.25; N, 10.5%), y ~ 
3275 (NH), 3030, 2960 (CH), 1696 (ester 0:0), 1470, 1349, 
1093, 761 and 754 cm. - 1 '"t"' (in CDC13), 6.35 (CH3 of one 
methoxyl), 5.89 (one NH), 4.19 (one bridgehead .CH. adjacent 
to NH), 3.70 (one bridgehead .CH. adjacent to .NC02Me) and 
'( 2.71 (.Ar protons). 
This specimen was contaminated with the merest trace 
of anthracene, detectable only by ultraviolet spectroscopy. 
A spectroscopically pure sample was obtained as a white 
powder, m.p. 160.5 - 161.5° (decomp.) (red melt 184-193°) 
by repeated recrystallisation from methanol. (Found: 
C, 72.5; H, 5.5; N, 10.4; 10.55. 
C, 72.2; H, 5.25; N, 10.5%.) 
9,10-Dihydro-9,10-hydrazo-anthracene (LIII) (from N,N'-
dimethoxycarbonyl-9,10-dihydro-9,10-hydrazo-anthracene). 
The adduct from anthracene and dimethyl azodicarb-
oxylate127, dissolved in a hot mixture of dry dioxan 
(150 ml.) and dry methanol (50 ml.), was poured under 
nitrogen into a solution of clean sodium (9.2 g.) in dry 
methanol (200 ml.) at room temperature. De-ionised water 
(6 ml.) was added and the resultant solution was stoppered 
up under nitrogen for 20 hrs. at 26-27°. Addition of more 
de-ionised water (10 ml . ) preceded the isolation procedure 
described above to yield a trace of anthracene and 
anthracene-biimine (5. 35 g. , -83. 5%), identified by 
its infrared spectrum (infracord). 
N,N'-Diethoxycarbonyl-9-hydrazino-anthracene (LIX) • 
.A.nthracene-biimine (3.12 g., 1 mol.), dissolved in 
dioxan (100 ml.), was treated dropwise with a solution of 
slightly impure ethyl chloroformate (1.63 g., 1 mol.) in 
dioxan (40 ml.). The reaction solution was stirred and 
maintained under nitrogen at 10 ± 2° throughout the 
addition. After approximately half of the chloroformate 
had been added, sodium bicarbonate powder (1.26 g., 1 mol.) 
was added in portions, so that the chloroformate addition 
was completed just before that of the bicarbonate. The 
mixture was kept at 10° for a further 15 min., slowly 
warmed to room temperature, and finally heated at 40° for 
1 hr. It was filtered hot, and the filtrate was 
evaporated on a rotary evaporator to yield a yellow-green 
crystalline solid. Recrystallisation from ethanol gave 
anthracene (390 mg., 14.5%) and evaporation of most of the 
ethanol from the mother liquor afforded a second crop of 
crystals (1.77 g., 33.5%), which gave white micro-crystals 
of the hydrazino-anthracene on recrystallisation from 
acetonitrile, m~p. 246.5 - 247.5° (lit. 127, m.p. 242°), 
~ max 3240 (NH), 1757 (aromatic urethan C:O), 1704 
(urethan C:O), 1522 (amide II NH2), 1249, 1058, 898 and 
737 cm. - 1 '"( (in dimethyl sulphoxide), 8.82 (triplet) 
(CH3 • of ethoxyls), 5.85 (complex multiplet) (.CH2 • of 
ethoxyls) and "( 2.50-1.27 (asymmetric multiplet) (Ar 
protons). 
9,10-Dihydro-9,10-di(N,N'-dibenzyloxycarbonyl)hydrazino-
anthracene (LVIa). 
Anthracene (0.5 g.) and dibenzyl azodicarboxylatJ16 
(1.0 g.; contaminated with a trace of the hydra zo ester) 
were boiled in dry xylene (7 ml.) for 18 hrs. On cooling 
the hydrazino-anthracene separated as an off-white powder 
(250 mg., 19.5%). This was extracted once with hot 
ethanol and the residue recrystallised from xylene and 
from chloroform-petrol ether, giving a fine white powder, 
m.p. 248-250°. (Found: C, 71.05; H, 5.35; N, 7.15. 
c46H40N4o8 requires: C, 71.1; H, 5.2; N, 7.2%), y max 
3270 (NH), 1751 (urethan C:O), 1676 (~de I C:O), 1612, 
1590 (Ar), 1530 (amide II NH2 ), 1265, 1042, 908, 754, 728 
and 693 cm. ;...1 ';t max (in CHC_13), no absorption from 265 m,µ. 
to 490 m)A. 
N-Cyano-N'-ethoxycarbonyl-9,10-dihydro-9,10-hydrazo-
anthracene (LVIIIhJ. 
A solution of li-ethoxycarbonyl-9,10-dihydro-9,10-
I I 
.. I 
"1 I 
,
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hydrazo-anthracene (20.05 g., 1 mol.) in warm ethanol 
(630 ml.), containing sodium bicarbonate powder (6.3 g., 
1 mol.), was treated with a solution of cyanogen bromide 
( 13 g. , 1 . 5 mol.) in ethanol ( 75 ml.). The suspension 
was stirred and heated at 55-58° for 1.5 hr., filtered hot, 
and washed with hot ethanol. The filtrate was evaporated 
on a rotary evaporator to yield a gummy residue, which was 
then extracted twice with hot chloroform. Evaporation of 
the extracts and crystallisation of the residue with 
ethanol gave the ester-nitrile (12.56 g.). On evaporation 
of some of the ethanol from the mother liquor, more cyano-
adduct (5.6 g.) was gained. The combined yield was 
18 • 16 g • , 82%. Recrystallisation from ethanol and from 
ethanol-ether-petrol ether mixture afforded white granular 
plates, m.p. 151-151.5° (red melt at~- 170°, giving a 
faint white sublimate on cooler parts of capillary tube). 
(Found: C, 70.75; H, 5.05; N, 14.1; M (in CH2c12), 301. 
G1gH15N3o2 requires: C, 70.85; H, 4.9; N, 13.8%; 1'1, 305), 
V max 2235 _(C:N), 1735 (ester C: 0), 1484 (Ar), 1376, 1238, 
1030, 769, 753 and 713 cm.-1 '"'( (a) (in cc14), 8.83 
(triplet) (.CH3 of ethoxyl), 5.94 (quartet) (.CH2. of 
ethoxyl), 4.46 (one bridgehead .CH. adjacent to .NC02Et), 
3.87 (one bridgehead .CH. adjacent to .NCN), . 2.70 (trace 
impurity of CHC13), 2.20 and 't" 1.67 (part of Ar multiplet) 
and (b) (in acetone), which showed different chemical 
shifts at '( 3.90, 3.60 (two bridgehead .CH.) and 
"( 2.73 - 1.49 (complex Ar multiplet). 
N-Cyano-N'-ethoxycarbonyldiimide (LXI). 
The ester-nitrile (17 g.), mixed with glass wool, 1 11111 
was pyrolysed (3x4 g.; 1x5 g.) on an oil bath at 150-170°/ 
0.2 - 0.4 mm. A vertical cold finger was positioned in 
the pyrolysis tube, just above the reaction mixture, and 
a trap, cooled in liquid nitrogen, !las placed in series 
between the pyrolysis tube and the vacuum pump. A three-
way tap separated the pyrolysis tube from the liquid 
nitrogen trap; this was used to maintain the trap 
continuously under vacuum during the reloading (and 
subsequent re-evacuation) of the pyrolysis tube. Thn.pure 
anthracene ( 10·. 86 g.) collected on the cold finger and was 
re-cyclised to improve the overall yield of the diazo 
cyanide, which was obtained as a yellow solid, condensed 
in the liquid nitrogen trap. The vacuum in the trap was 
slowly released via a drying tube containing P2o5 and the 
trap was allowed to warm to room temperature, causing the 
yellow solid to melt to an orange-red, oil (4.1 g., 58%) 
at well below room temperature. Approximately half of 
the oil was fractionally micro-distilled from glass wool 
at 58-59°/21 mm.; decomposition set in towards the end of 
the distillation (at~- 110° - bath temp.). The 
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distillate was collected in ice-cooled receivers and a 
little was caught in a liquid nitrogen-cooled trap placed 
between the apparatus and the pump. The diazocyanide 
was an orange-red mobile oil, with an irritant odour, 
21 h D 1 • 4230, (Found: C, 38. 2; H, 4. 4; N, 32. 5. 
c4H5N3o2 requires: C, 3
7.8; H, 4.0; N, 33.05%) (I.t 
y max exploded in both micro-analytical estimations), 
2980 (CH), 2260, 2205 (w) (C :N), 1781 (ester C:O), 1472, 
1373, 1010, 850 and 778 cm.-1 t"' (in 0014), 8.53 (triplet) 
( CH3• of ethoxyl) and "( 5.46 (quartet) (.CH2. of ethoxyl). 
Eroperties of N-cyano-N'-ethoxycarbonyldiimide. 
(a) Action of water. 
A few drops of the diazocyanide were added to distilled 
water at room temperature; a little dissolved giving a 
pale yellow solution. On gentle warming the remainder 
dissolved to yield an orange-yellow solution which paled 
slightly when brought gently to the boil. There was no 
effervescence. Cooling did not reprecipitate the oil. 
(b) Action of dilute hydrochloric acid. 
A little dilute hydrochloric acid was added to an 
aqueous solution of the diazocyanide giving no visible 
change. Gentle warming caused the evolution of carbon 
dioxide and of another gas, which smelt like HON. Gentle 
11, 
boiling accelerated this decomposition, which, when 
completed, left a pale yellow solution. 
(c) Action of dilute sodium hydroxide solution. 
2N Sodium hydroxide solution was treated with a few 
drops of the diazocyanide. The ester was fairly soluble 
at room temperature and gave a deep yellow-orange solution. 
Gentle warming quickly dissolved the remainder of the ester. 
The resultant solution appeared stable to a brief period 
of boiling, but was immediately unstable upon the addition 
of excess acid. 
(d) Action of silver nitrate solution. 
A few drops of diazocyanide, dissolved in ice-cold 
water, were treated with an ice-cold solution of silver 
nitrate in dilute nitric acid. An immediate white 
turbidity resulted; this soon coagulated to form a faint 
white precipitate, which grew slowly over a period of 
3-5 min. Careful addition of mercurous nitrate solution 
caused the precipitate to darken and then to dissolve. 
(e) Action of alkaline 2-naphthol. 
The addition of alkaline 2-naphthol solution to an 
aqueous solution of the diazocyanide at o0 gave an 
immediate red-brown coloration, closely followed by a 
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gentle effervescence. The gas continued to be evolved 
slowly for several minutes and smelt faintly of HCN. 
No precipitation was observed. 
Reaction of N-cyano-N'-ethoxycarbonyldiimide with 
anthracene . 
.Anthracene (425 mg., 1 mol.) and the diazocyanide 
(304 mg., 1 mol) were boiled under reflux in dry benzene 
(10 ml.) for 7 hrs. The colour of the solution darkened 
slightly during the reaction. A little of the benzene 
(5 ml.) was removed by distillation and the product 
crystallised on cooling. Recrystallisation from ethanol 
gave a trace of anthracene, m.p. 214-215°, as the first 
crop of crystals, and the cyano-adduct (430 mg~, 59%), 
as the second crop of crystals. The adduct recrystal]ised 
from ethafrol as white prisms, m.p. 149.5 - 151°, and its 
infrared spectrum (infracord) was identical to that of an 
authentic specimen. 
1-Cyano-2-ethoxycarbonyl-3,6-diphenyl-1,2,3,6-tetrahydro-
pyridazine (LXX). 
Trans, trans-1,4-diphenyl-1,3-butadiene (m.p. 146.5 -
149-5°t lit. 135, m.p. 152-153°) (618 mg., 1 mol.) was 
treated with the diazocyanide (800 mg., 1.5 mol.), giving 
an immediate exothermic reaction. The crude mixture was 
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taken up in carbon tetrachloride and gently boiled under 
reflux for 1.5 hr. Most of. the solvent was evaporated 
and the residual solution gave granular prisms (650 mg., 
65%) on cooling. These were recrystallised from ethanol 
and sublimed at 2 x 10-3 mm.' yielding a hazy white film 
at 70-110° and a colourless oil at 125-155°. The oil set 
to a transparent glass on standing and afforded the cyano-
adduct as white needles, m.p. 108-108.5° (to a clear glass) 
and 198-200° (to a pale yellow liquid), when crystallised 
from aq. ethanol. After drying under high vacuum the 
cyano-adduct had m.p). 108-108.5°. (Found: C, 72.0, 71.95; 
H, 6.2; N, 12.45, 12.45. c20H19N3o2 requires: C, 72.05; 
H, 5-75; N, 12.6%), ~ max 2228 (C :N), 1719 (ester C:O), 
1498 (Ar), 1288, ·1208, 842,760,737,699 and 691 cm•.-1 
'L (in cci4 ), 8.66 (triplet) (CH3 • of ethoxyl), 5.68 
(quartet) (.CH2 • of ethoxyl), 4.88 (triplet) (P.b..CH.NC02Et), 
4.23 (asymmetric multiplet) (Eh.CH.NON), 3.99, 3.90 (two 
triplets) (CH:.CH) and 1:' 2.64 (Ar protons). 
Reaction of -diethyl azodicarbox;ylate with 1,4-diphenyl-
123-butadiene. 
This reaction has been previously described135 as 
giving 1,2-diethoxycarbonyl-3,6-diphenyl-1,2,3,6-tetra-
hydropyridazine in 95% yield when carried out in toluene 
0 . 
solution at 100 for 3 hrs. 
I I 
When a few drops of the azo-ester were added to the 
solid diene there was no reaction. Only a slight 
diminution of the yellow azo colour was observed when 
the crude mixture was digested with a little ethanol and 
then heated under reflux for 5 min. 
Reduction of N-cyano-li'-ethoxycarbonyldiimide with sodium 
dithionite. 
Several drops of diazocyanide, dissolved in 10% 
aqueous methanol, were gently boiled under reflux for 
2.5 hrs. with an excess or powdered sodium dithionite. 
During the first 10 min. of the reaction, the orange-
yellow azo colour gradually turned to a pale yellow. 
Evaporation of the reaction mixture under vacuum gave an 
oily residue, which was extracted with hot chloroform and 
hot acetone. The combined extracts yielded a pale yellow-
brown viscous oil upon evaporation under vacuum. Distilla-
tion of this oil at 95-130°/0.05 mm. afforded a clear oil, 
which later crystallised as oily off-white rosettes of 
needles, ':J max (infracord) 3230 (NH), 2980 (CH), 1780, 
1740 and 1690 cm. - 1 ( urethan and amide C: 0) • Lack of 
material prevented further purification. 
Hydrogenation of N-cyano-~'-ethoxycarbonyldiimide with Pto2 . 
Adam's catalyst (100 mg.) was hydrogenated in 
methanol (10 ml.) and a solution of diazocyanide (360 mg.) 
in methanol (15 ml.) was carefully added under hydrogen. 
A gentle evolution of gas was . observed as the cyano-ester 
solution came into contact with the catalyst. This 
gradually subsided and was finished after 1 min., 0.8 mol. 
of gas being evolved. The rest of the yellow cyano-ester 
solution smoothly absorbed hydrogen (0.5 mol.) in 
approximately 10 min., causing a change in colour to a 
pale yellow-green. No further hydrogenation took place, 
even with more freshly-hydrogenated catalyst (100 mg.). 
The reaction mixture was filtered and the filtrate 
evaporated under vacuum to a pale yellow oil (270 mg., 
74.5%), which was micro-distilled at 110-130°/0.05 mm. 
as a colourless oil, ~ max (infracord) 3300 (NH), 3000 
(CH), 2270 (C :N), 1800 and 1740 cm.-1 (urethan C:O). 
On standing, the product crystallised as fine colourless 
needles, co?taminated with unchanged oil. Attempts at 
further purification were prevented by lack of material. 
Silver cyanamide. 
Technical calcium cyanamide (25 g.) was boiled under 
reflux in water (150 ml.) for 8 min. After cooling and 
filtering, the reaction solution was acidified with 
dil. nitric acid and then treated with a slight excess 
of silver nitrate solution. The resultant dirty 
yellow precipitate was purified by reprecipitation 
from dil. nitric acid solution with ammonia to yield 
the salt as a canary-yellow powder (3.L~3 g.). 
(Found: N, 11.4 . Cale. for CN2Ag2 : N, 10.95%), Y max 1988 (C :N), 1280 and 1193 cm.-1 • 
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SPECTROSCOPIC RESULTS 
Compound 
NC.N:N.C02Et 
Et02C.N:N.C02Et 
I1e02C.N:N.C02I1e (infracord) 
NC.N:N.C02Et 
Et02C.N:N.C02Et 
I1e02C.N:N.C02Me 
CH 
stretch 
2980 
2980 
2990 
(EtOH 95%) 
(EtOH 95%) 
(EtOH 95%) 
Infrared Spectra: Table I 
A.zo Esters 
C:N C:O Frequencies 
stretch stretch 
2260 1781 1450 1397 1373 1301 1250 2205(w) (broad) 
1783 1453 1396 1374 1301 1237 (broad) 
1785 1440 1240 (broad) 
Ultraviolet Spectra: Table I 
A.zo Esters 
End absorption onlJ; 
(210-400 mp-J 
1010 850 778 
1017 936 857 803 
1004 880 828 (w) 
End absorption onlJ; 
(210-330 ~) 
End absorption onlJ; 
( 210-450 mp.) 
reported 154 (MeOH) (\ max 405 m)A ( E: 24) 
reported154 (EtOH) (\.max 405 m)A (E 23.6) 
...:i. 
I\) 
I\) 
Compound 
(LVa) 
(LVb) 
Ultraviolet Spectra: Table II 
Anthracene Diels-Alder Adducts 
literature solvent 
~max(mp-) 
EtOH 275 
CHC13 275 267 
Mackenzie107 CHC13 400 320 
287 
EtOH 275 
211 
EtOH/HCl 275 (pH 2) 211 
CHC13 276 267 
t 
(552.5) 
(583) (603) 
(79-5)* (660.7)* ( 10470) * 
(556) (56800) 
(540) (56800) 
(362) (362.5) 
* An anamolous result due possibly to a printing error? 
amin(mp) 
273 
273 
264 
272 
265(sh) 
272 
265(sh) 
273 
264 
E 
. (456) 
(452) (596) 
(436) (585) 
(414) (556) 
(304) (361.5) 
~ 
f\) 
\.N 
Ultraviolet S~ectra: Table II tcont.2 
Compound literature solvent 'A.~Cmj) t ~mincm,-) € 
9 , 10-Ethano-9,10- EtOH 272 (1935) 268 (1076) Cookson+ 265 (1550) 243 (531) di hydro-anthracene 259(sh) (977) 252(sh) (740) 
C6H12 272 (1890) 268 (980) 
265 ( 1476) 243 (431) 
259(sh) (866) 252(sh) (669) 
Cookson C6H12 272 (1770) 
et al. 155 265 ( 1350) 
-- 259(sh) (745) 253(sh) (500) 
--
(LVIIId)* EtOH 275 (1260) 272 (1105) 267 ( 1300) 
300(sh) (68) 
272 (775) (LVIIIe) EtOH 275 (926) 263 (950) 
267 (988) 
211 (53800) 
EtOH/HCl 274(sh) 152 249 (655) 
251 692 
EtOH/NaOH 275 (736) 272 (582) (pH 9) 266 (814) 264 (800) 
+ The author is grateful to Prof. Cookson for a sample of this material. 
lf Contaminated with a trace of anthracene. 
~ 
I\) 
.p-
Ultraviolet Spectra: Table II (cont.) 
Compound solvent t\.~(m~ E 
(LVIIIh) EtOH 275 (490) 267 (595) 
263 (408) 
(LXX) EtOH 257 (502) 
251 (411) 
(LII I)* 
275 (1092) 
EtOH 267 ( 1015) 
211 (42400) 
EtOH/HCl 275 (466) (pH 1) 212 (23100) 
EtOH/NaOH 275 (984) (pH 10) 267 (957) 
EtOH/HOAc 275 (846) (pH 4) 211 (38500) 
~min<mr) 
273 
260 
253 
238 
272 
264 
273 
272 
264 
272 
266(sh) 
6 
(425) 
(369) (368) (235) 
(738) (915) 
(432) 
(669) (908) 
(650) (886) 
~ 
f\.) 
\J1 
~oo 
1 
~o ~o\ 
r 
1~00 ' · 12,00 
Infrared Spectrum I 
' ,oo• 
Isomers of c2H8N4s2: (i) -- yellow-red isomer, m.p. 92-93° (ii) -- brown-red isomer, m.p. ea. 80° 
ado 
-
_, 
C.1\1\, 
1 loo 
~ 
I\) 
Q") 
' \100 ' ILt-oo ' l2,.0o 1000 
• 
Infrared Spectrum II 
goo 100 
-I 
Cnt • 
Isomers of (XXIXb) (i) Isomer A, m.p. 64.5-66°; (ii) Isomer B, m.p. 91-91.5° 
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APPENDIX 
The structure of the self-condensation 
products of glutaconic esters 
11 
Introduction 
In 1903 Blaise156 treated diethyl glutaconate with 
ethanolic sodium ethoxide and formulated his product as 
glutaconyl glutaconate (LXXI). von Pechmann, Bauer, and 
Obermiller157 carried out a similar condensation, but used 
an ethereal suspension of sodium ethoxide. They concluded 
that their product was probably an ethyl dihydro-2,4-
dietho:xycarbonyl-5-hydroxyphenylacetate, but the position 
of the double bonds and the relative positions of the 
ethoxycarbonyl groups were not unambiguously determined. 
Later workers158 proved that the two preparations gave the 
same substance, but suggested that it was ethyl-1,6-dihydro-
2,6-diethoxycarbonyl-5-hydroxyphenylacetate (LXXII). 
Et02C 
Er02C 
0 OH 
(LXXI) (LXXII) 
The following account, which has already been published 
in part 159, is based on work carried out using both diethyl 
and dimethyl glutaconate and describes: 
• 
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(i) A comparison between the methods of Kohler and 
Reid160 and Lochte and Pickard161 for the preparation of 
dimetbyl glutaconate. 
(ii) An unequivocal proof that the self-condensate is 
the tri-ester, ethyl-1,6-dihydro-2,4-diethoxycarbonyl-5-
hydroxyphenylacetate (LXXIIIa). 
(iii) The elucidation of the structure of the diester 
(LXXIIIc), obtained by selective hydrolysis of the trimethyl 
ester with cold aqueous methanolic sodium hydroxide;56 , 157,158 
or by using an excess (2.3 mol.) of sodium methoxide with 
dimethyl glutaconate in dry methanol. 
(iv) A tentative structure for the monoester (LXXIIId) 
or (LXXIIIe), derived from the diester by further selective 
hydrolysis (gentle heating under reflux with dilute sodium 
hydroxide solution 156 , 157' 158 ). 
I 
R02C C02R (LXXIII) (a) R = R' = R" = Et (b) R = R' = R" = Me (c) R = H, R' = R" = Me 
II (d) R = R' = H, R II = Me 
C...,OR (e) R = R" = H, R' = Me 
II 
O,H .... O 
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Discussion 
(i) The preparation of dimethyl glutacronate. 
Two methods were tried. The first, that of Lochte 
and Pickard161 , was a four stage synthesis, starting with 
the decarbonylation of citric acid to give acetone 
dicarboxylic acid, which, upon methylation162 (methanol-
hydrogen chloride) and reduction with Raney nickel, af~ords 
dimethyl 2-hydroxyglutarate. Dehydration of the glutarate 
gives dimethyl glutaconate. 163, 164 
Two minor difficulties were encountered in this 
preparation: 
(a) In the work-up of the second stage, the dry 
methanolic hydrogen chloride methylation of acetone 
dicarboxylic acid162 , it was discovered that, unlike the 
case of the diethyl ester 162 , the dimethyl ester did not 
separate when poured into water. It was isolated by 
extracting the aqueous reaction mixture three times with 
ether. 
(b) Considerable difficulty was encountered with the 
thionyl chloride dehydration of dimethyl 2-hydroxyglutarate;63 
which constitutes the final stage of this preparation. 
Dehydration with phosphorus pentoxide in boiling benzene 
under reflux, following the general method of Kon and 
Nargund164, gave a vastly improved yield (32%) of pure 
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dimethyl glutaconate. Changing the solvent to toluene 
increased the yield to 41% . 
. . 
However, the overall yield of this method was 
approximately 11%, which was quite inferior to that of 
the second method attempted, that of Kohler and Reid. 160 
The latter gave an overall yield of approximately 28% and 
was much less tedious. Hence, it gained preference, 
despite the fact that it was the older method. 
(ii) The structure of the triester, self-condensate 
(LXXIIIa) or (LXXIIIb). 
The triethyl ester (LXIIIa) was prepared by using one 
mole of sodium ethoxide per mole of glutaconic ester158 
and the trimethyl ester (LXIIIb) by methylation of the 
dimethyl ester (LXXIIIc), since it was found difficult to 
isolate under the same conditions as used in the preparation 
of the triethyl ester. Moreover, the dimethyl ester was 
readily obtainable from the same reaction if excess 
(2.3 mol.) of . sodium methoxide was used. 
The proposed structure for the triethyl ester is based 
on the following evidence: 
(a) Infrared spectra of the triesters were consistent 
with structures (LXXIIIa) and (LXXIIIb). The triethyl 
ester showed a broad absorption around 3000 cm.-1 in its 
infrared spectrum, obtained in carbon tetrachloride solution. 
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This indicates a chelated hydroxyl group. Moreover, the 
presence of a keto group could not be inferred from infra-
red or p.m.r. spectroscopy. In the latter case, a 5-keto 
group, which would necessitate a proton in the 4 (or 
possibly 2) position, must be excluded since no splitting 
of the frequency due to the ethylenic proton was observed. 
(b) The ultraviolet spectra of the triesters, taken 
in neutral and alkaline solution, differed from those of 
dimethyl 4-hydroxyisophthalate165 and from those of compound 
(LXXIV), previously isolated both by Knoevenagel and 
Klages166 and by Rabe 167, and prepared in the present work 
as the intermediate to Hagemann's ester168 (LXXV). This 
result is consistent with the branched conjugation in 
(LXXIII), as compared with the linear conjugation in 
(LXXIV) or the aromatic conjugation in dimethyl 4-hydroxy-
isophthalate (see experimental section, ultraviolet spectra: 
table II! and graphs 1 and 2). 
C02Er C02Er Me Me 
C/OEl-
II 
0 0,H .. .0 
(LXXIV) (LXXV) 
(c) The p.m.r. spectrum of the triethyl ester 
showed a singlet at . chemical ~hift 't' -2.85, due to a 
chelated hydroxyl-proton. The spectra of both triesters 
showed the same asymmetric quartet centred at 'L 7.43, 
which has been attributed to the grouping, .CH2 .CH.CH2 ., 
and a sharp singlet at 't' 2.53 (triethyl ester) or 2.60 
(trimethyl ester). This singlet is due to the 3-ethylenic 
proton; its low 'L value is noteworthy and results from 
the combined effect of two cis-carbonyl groups169, flanking 
the ethylenic proton. In both cases the three ester 
groups were detected by g.m.r. spectroscopy. 
(d) The aromatised product (LXXVIa), obtained by 
bromine oxidation157, 158 of the dimethyl ester (LXXIIIc) 
in chloroform solution, showed two sharp singlets at 
'( 3.07 and 1.60 in its p.m.r. spectrum; the lower 
frequency is again attributed169 to the proton in 
position 3. This result is consistent with there being 
only two aromatic protons, and absence of coupling indicates 
that these are para. Hence the two conjugated ester groups 
of (LXXIII) (R' and R") are in positions 2 and 4. 
HOC 
2 (LXXVI) (a) R = R' = Me (b) R = H, R' = Me (c) R = Me, R' = H 
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The ultraviolet spectra of (LXXVIa), taken in 
ethanolic and in alkaline solution, were almost identical 
to those of dimethyl 4-hydroxyisophthalate. This is no
t 
inconsistent with the proposed structure for the triester, 
(LXXIIIa) or (LXXIIIb). 
(iii) The structure of the dimethyl ester (LXXIIIc). 
This diester can be prepared either from the triester 
by selective hydrolysis with cold aqueous methanolic sodium
 
hydroxide156 , 157, 158 , or from the self-condensation of 
dimethyl glutaconate with excess (2.3 mol.) of sodium 
methoxide. 
The following evidence substantiates the proposed 
structure (LXXIIIc) for the dimethyl ester: 
(a) The infrared spectrum of the diester showed no 
saturated ester carbonyl absorption, but showed broad 
absorption at 3000 cm.-1
 with subsidiary absorption at 
3020 cm.-1 , characteristic of a chelated hydroxyl and a 
carboxylic acid group. 
(b) The ultraviolet spectra of the tri- and di-esters 
were identical, showing that the structural conjugation was 
unaltered by selective hydrolysis (see experimental section, 
ultraviolet spectra, table III). 
(c) In the p.m.r. spectrum of the dihydro-diester 
only two methoxyl absorptions were observed, confirming 
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the selective hydrolysis of one ester. The remainder of 
the spectrum showed that the basic structure was the same 
as that of the triester. 
(d) Attempted decarboxylation of the diester,by 
heating it with a mixture of glass and copper powder, 
caused the elimination of acetic acid and aromatisation 
to give dimethyl 4-hydroxyisophthalate in low yield. A 
parallel reaction was observed by Lawrence and Perkin 17°, 
who heated the sodium salt of diethyl glutaconate with 
ethanol at 150° and hydrolysed the product to yield 
4-hydroxyisophthalic acid. This was identified by 
analysis and by conversion to either its dimethyl or 
diethyl ester. Moreover, von Pechmann et al. 157 mentioned 
that an aromatic substance was obtained from their prepara-
tion of the triethyl condensate, when they steam-distilled 
the alcoholic mother liquor. Saponification of this 
product with potassium hydroxide solution gave 4-hydroxy-
isophthalic acid. 
(e) -The pKA values found for the aromatised diester 
(LXXVIa), 4.9 and 9.75, are not only consistent with its 
proposed structure, but are quite different from the pKA 
found for salicylic acid (i.e. 3.7) - all pKA values being 
measured in 50% aqueous methanol. This strongly indicates 
that the 4-methoxycarbonyl group remains unattacked by 
selective hydrolysis. It is, however, impossible to 
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deduce from these pKA values which of the two remaining 
ester methoxyls (on positions 1 and 2) has been hydrolysed, 
for the pKA values of suitable model derivatives of benzoic 
acid (pKA 4.18 in water171a at 25°), on the one hand, and 
h 1 t . "d ( K 4 31 · t 171b t 25°), on the p eny ace ic aci p A • in wa er a 
other, are too similar for meaningful comparison. l"Iore-
over, the comparison of pKA values, measured in a mixed 
solvent system, is only valid provided results of great 
precision are not required. 171c Unfortunately, this is 
not the case. 
(iv) The structure of the monomethyl ester (LXXIII d ore). 
This compound was found to be unstable: 
(a) On pyrolysis at 180° for 5 min., it gave an 
intractable gum. 
(b) In cold ethanolic solution it gradually decomposed 
over a period of several hours. This process was followed 
by the gradual alteration of the ultraviolet spectrum. 
Observations were made after 45 min., 1 hr., and finally 
after 6 days, when it was found that the spectrum was 
radically different (see experimental section, ultraviolet 
spectra, graph 3). 
(c) On heating under reflux in water for two hours, 
the monoester afforded an acidic oil, resistant to 
purification, and on further heating at 100° for three 
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hours gave an intractable gum, whose infrared spectrum 
suggested the partial formation of an anhydride. 
Because of the compound's instability in solution, 
little reliable information was gained from the determina-
tion of its pKA or from its p.m.r. spectrum. However, a 
meaningful ultraviolet spectrum could be obtained from a 
freshly-made solution (see experimental section, ultra-
violet spectra, table III). 
Only two structures for the monoester are plausible: 
(LXX:IIId) or (LXXIIIe). The former is preferred, although, 
because of the monoester's instability, there is insufficient 
evidence for conclusive differentiation. 
The monoester's structure is suggested on the 
following grounds: 
(a) Its infrared spectrum was consistent with either 
structure (LXXIIId) or (LXXIIIe) and showed an absorption 
at 1660 cm.-1 , which has been attributed to the chelated 
ester carbonyl at position 4. However, this absorption 
could also be attributed to a chelated carboxylic acid 
carbonyl in the same position. 
(b) The ultraviolet spectrum of the monoester in 
freshly-prepared ethanolic solution was the same as those 
of the triester and the diester (see experimental section, 
ultraviolet spectra, table III). Hence, the basic 
structural conjugation was unaltered . 
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{c) Its p.m.r. spectrum, run several times both 
in acetone and in tertiary butanol, consistently showed 
one singlet absorption at '"L 6.30 (acetone) or 6.22 (ButOH), 
which was attributed to the one remaining methoxyl group. 
The rest of the spectrum varied on each run, and was thus 
held suspect. 
Aromatisation157, 158 of the monoester would furnish a 
useful, more stable derivative whose pKA would be invaluable 
for comparison with that of salicylic acid. Compound 
(LXXIIId) would give (LXXVIb), a derivative of £-hydroxy-
benzoic acid (pKA1 6.13; pKA2 11.02 in 49% aq. EtOH
172 ), 
whereas compound (LXXIIIe) would give (LXXVIc), a 
derivative of salicyaic acid (pKA 4.00 in 49% aq. EtOH172 ). 
Such a difference in the expected pKA values would 
distinguish between the two structures. Unfortunately, 
attempted aromatisation of the monoester with bromine in 
chloroform failed to give a pure product. 
EXPER.Il1ENTAL SECTION 
Preface 
Determinations of m.p., infrared, ultraviolet, 
and p.m.r. spectra were carried out as described in 
the previous experimental section. 
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pKA values and equivalents were determined for 
50% aqueous methanol solutions at 18 - 21° by titration 
with standard alkali solution, using a Radiometer 
titrigraph TTT 1A (Copenhagen), pKA being deduced 
from the half-neutralisation point. 
Ultraviolet spectra are tabulated (and some 
represented graphically) at the end of this section. 
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Ethyl 1 26-dihydxo-2,4-diethoxycarbonyl-5-hydroxyphenyl-
acetate (LXXIIIa). 
The triethyl ester, prepared in poor yield by Curtis 
and Kenner's method158 , had m.p. 79-79.5° (lit. 156 , 157, 158 , 
0 0 0) m.p. 77-78, 82 , and 78.5 • (Found: C, 57.7; H, 7.2. 
Cale. for c16H22o7 0.5 MeOH: c, 57.9; H, 7.0%), and after 
dxying for several hours at 38°/1.5 x 10-4 mm. (Found: 
C, 58.3; H, 6.65. Cale. for c16H22o7 : c, 58.6; H, 6.75%), 
V~ (in CC14 ) 3000 (broad) (chelated OH), 1737 (saturated 
ester C:O), 1705 (conjugated ester C:O), 1654 (chelated 
ester C:O), 1637, 1578 cm.-1 (.C:C.C:C.). 'L (a), (in 
CHC13), 8.69 (three overlapping triplets) (.CH3 of ethoxyls), 
7.43 (quartet) (.CH2 .CH.CH2 .), 5.73 (three overlapping 
quartets) (.CH2 • of ethoxyls), and 'L 2.53 (C:CH), and 
(b), (in cc14 ) which, in addition, showed "C -2.85 
(chelated OH). 
1 26-Dihydxo-5-hydroxy-2 24-dimethoxycarbonylphenylacetic 
acid (LXXIIIc) . 
To a solution of sodium (7.5 g., 2.3 mol.) in dry 
methanol (80 ml.), dimethyl glutaconate160 (21.9 g., 1 mol.) 
was added dxopwise at 0- 5°, causing an i mmediate orange 
colour. Next day, excess of ether was added and after 
24 hrs . the solid product was filtered off and the ethereal 
solution was extracted twice with water and once with 
dilute sodium hydroxide solution. The solid was dissolved 
in the combined aqueous extracts, which were then acidified 
with dilute hydrochloric acid. The precipitated diester 
(13.8 g., 70%) was recrystallised from aq. methanol or 
sublimed at 125-135°/1.5 x 10-4 mm., as micro-crystals, 
m.p. 146.5 - 147.5°, pKA 5.9. (Found: C, 53.3; H, 5.4; 
equiv. 142. c12H14o7 requires: C, 53.35; H, 5.2% 
equiv. 135), ~ max 3020, 2970, 2680 (broad) (acidic and 
chelated OH), 1700 (acidic C:O and conjugated ester C:O), 
1656 (chelated ester C:O), 1634, 1570 cm.-1 (.C:C.C:C.). 
1: (in CH2c12), 7.43 (quartet) (.CH2 .CH.CH2 .), 6.28, 6.19 
(two singlets) (two methoxyls) and 'L 2.55 (C:CH). 
1-Methyl-3-hydrox:y:-4 26-diethoxycarbonyl-1,3-cyclohexadiene 
(LXXIV). 
Smith and Roualt's preparation168 of Hagemann's ester 
(LXXV) was followed up to the formation of the intermediate 
diester, which was then isolated from the crude oil by 
careful acidification with dilut4 sulphuric acid until 
just acid. [This removed all traces of piperidine, which 
otherwise causes decarboxylation to (LXXV) during distilla-
tion.] The diester was washed twice with water, dried 
(Na2so4 ) and fractionally distilled 
yellow oil, b.p. 140-145°/0.24 
b.p. 190-205°/21 mm., and 167 
mm.' 
to give a very pale 
19nD 1.4818 (lit. 166 , 
1.4885). (Found : 
C, 61.3; H, 7.3. Cale. for c13H18o5 : C, 61.4; H, 7.1%), ~ (liquid film) 3510 (OH), 2995 (CH), 17~0 (ester C:O), max 
- 1 1677 (chelated ester C:O), 1663 cm.- (conjugated C:C). 
'( (in cc14 ), 8.73 (triplet) (.CH3 of two ethoxyls), 7.96 
(CH3 .C:C), 7.67, 7.50, 6.95 (ring .CH2 .), 6.63 (.CO.CH.CO), 
5.79 (.CH2 . of ethoxyihs), 4.15 (C:CH), and 'L -1.75, -2.00 
(chelated and enolic OH). 
1-Methyl-6-etho:x::ycarbonylcyclohex-1-ene-3-one (LXXV). 
When the crude oily diester from the above preparation 
was distilled directly without previously washing, 
spontaneous decarboxylation set in on heating, and a 
mixture, containing mainly the mono-ester (LXXV), distilled 
at 50-160°/14-30 mm. Fractional distillation gave a pale 
yellow oil, b.p. 85-86.5°/0.36 mm., 17·5nD 1.4853 
(reported168 , b.p. 142-144°/15 mm., 20nD 1.4852). 
(Found: c, 65.2; H, 8.0. Cale. for c10H14o3 : C, 65.9; 
H, 7.7%), Y max (liquid film), 2980 (CH), 1728 (ester C:O), 
1675 (conjugated keto C:O), 1636 cm.-1 (conjugated C:C) . 
'( (as liquid and in CHC13 ), 8.78 (triplet) (CH3 . of one 
ethoxyl), 8.00 (CH3 .C:C), 7.73 (ring . • CH2 .), 6.65 
(.CO.CH.C:C), 5.84 (quartet) (.CH2 • of ethoxyl), and 
1: 4 . 20 (C: CH). 
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Methyl 1,6-dihydro-5-hydroxy-2,4-dimethoxycarbonylphenyl-
acetate (LXXIIIb). 
The diester (500 mg.) was heated under reflux in a 
solution of dry hydrogen chloride(~. 2 g.) in dry methanol 
(20 g.) for 7 hrs. The solution was poured into excess of 
water to give the triester as white platelets (375 mg., 
71%), which were purified by recrystallisation from aq. 
methanol, or better by sublimation at 80-93°/5 x 10-3 mm., 
as prisms, m.p. 85-85.5°. (Found: C, 55.3; H, 3.9. 
c13H16o7 requires: C, 54-95; H, 5.5%), 0 max 1722 
(ester C:O), 1703 (conjugated ester C:O), 1647 (chelated 
ester C:O), 1634, 1573 cm.-1 (C:C.C::C). 'L (in CC14 ), 
7.50 (.CH2 .CH.CH2 .), 6.35, 6.25, 6.10 (three methoxyls), 
and L 2. 60 ( C : CH) • 
5-Hydroxy-2,4-dimethoxycarbonylphenylacetic acid (LXXVIa). 
The aromatised diester was prepared by oxidation of 
the dihydro-diester with bromine in chloroform 157, which 
gave white needles (from aq. methanol), m.p. 169-171°, 
pKA1 4.9, pKA2 9.75. (Found: C, 52.65; H, 4.8; equiv. 
141 and 294. c12H12o7 0.5 MeOH requires: c, 52.65;
 
H, 4.93%; equiv. 142 and 284). It was recrystallised 
from very dilute aq. methanol, washed well with water and 
dried at 100°/1.5 x 10-4 mm. for several hours, m.p. 
171-172°. (Found: C, 52.1; H, 4.75. 
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requires: C, 52.0; H, 4.7%). On sublimation at 
110-155°/9.6 x 10-5 mm., it gave needles, m.p. 173-174°. 
(Found: C, 52.05; H, 4.5%). [These analyses are not 
inconsistent with those of (LXXIIIa)J, ~max 3240, 2960, 
2640 (broad) (CH; acidic OH; cheiated OH), 1719 (aromatic 
ester C:O), 1707 (acidic C:O), 1682 (chelated ester C:O), 
1573 cm.-1 (Ar). re' (in acetone), 6.17, 6.00 (two 
methoxyls), and "L 3.07, 1.60 (two para aromatic protons). 
Dimethyl 4-hydroxyisophthalate. 
The dihydro dimethyl ester (200 mg.) was heated with 
glass powder and copper powder at 230 ± 10° for 30 min. 
After cooliing, the melt was sublimed at 50-85° /0.1 mm., 
giving oily rosettes (average yield, 10 mg., 7%). Further 
sublimations yielded white rosettes, m.p. 95-96° (lit. 173, 
94-96° and 165 97.5°). (Found: C, 57.3; H, 4.85. Cale. 
for c10H10o5: C, 57.15; H, 4.75%), ~max 3200 (chelated 
OH), 1729 (aromatic ester C:O), 1687 (chelated ester C:O), 
1616, 1589 · ~d 1496 (Ar) cm . - 1 'L (in 0014) , 6 .18 , 6 . 06 
(two methoxyls), 3.19, 2.98, 2.09, 2.04, 1.88, 1.82, 1.61, 
1.55 (1,2,4 aromatic substitution pattern) and 1:'." - 0.95 
(chelated OH). 
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1 26-Dihydro-2-carboxy-4-methoxycarbon,yl-5-hydroxy:phenyl-
acetic acid, (LXXIIId or LXXIIIe). 
This mono-ester was prepared from the diester by the 
method of von Pechmann et al. 157 in 85% yield, giving 
white micro-crystals from aq. methanol, m.p. 151-151.5° 
(swells with decomp.), pKA 5.65. (Found: C, 51.4; 
H, 4.7. c11H12o7 requires: C, 51.55; H, 4.
7%), 
1 max 3000 (broad) (acidic and chelated OH), 1688 
(acidic C:O), 1660 (chelated ester C:O), 1625, 1550 
(C:C.C:C) cm. - 1 'L (a) (in acetone), 6.3 (one methoxyl) 
and "C (b) (in ButOH), 6.22 (one methoxyl). 
Salicylic acid. 
A.R. salicylic acid was employed. 
Compound 
(LXXIIIa) 
(LXXIIIb) 
(LXXIIIc) 
(LXXIIId) 
fresh soln. 
Table III 
Ultraviolet Spectra 
In 95% EtOH 
~mro/m}'-) Amin (mj") E 
318 7450 
287 5300 
262 13400 
224 2180 
319 6850 
286 5050 
262 12600 
224 1730 
319 7310 
287 4420 
262 13950 
225 1710 
315 6170 
286 3850 
261 12280 
224 2280 
In 95% EtOH + 2 drops 30% NaOH 
A.~(mp) Amin CID.JN f: 
357 19620 
313 5020 
292 17800 
245 1211 
357 20700 
313 6300 
290 19500 
245 4400 
222 10600 
335 10160 
316 8550 
292 16500 
236 1092 
~ 
.i::-
0') 
Table III (cont.) 
In 95% EtOH 
Compound 1 
~CfiljA) ilmin(mj)-) €: 
316 4390 (LXXIIId) 286 2800 
soln. after 45 min. 260 9500 
223 4110 
-
316 4060 
(LXXIIId) 286 2520 
soln. after 1 hr. 260 8780 
223 4440 
-
(LXXIIId) 330 560 
soln. after 6 days 280 330 226 7400 
297 493 (LXXIV) 292 491 
233 7680 
In 95% EtOH + 2 drops 30% NaOH 
f\. max (fll_,w i\.min c,.) € 
Assuming unchanged M 
Assuming unchanged M 
Assuming unchanged M 
388 6158 
314 1306 
280 '.' 8697 
250 4007 
_:i. 
+:"" 
'3 
Table III (cont.) 
In 95% EtOH 
Compound 
. ~ax(mp) Amin CmpJ E 
(LXXV) 
233 12100 
306 3185 
(LXXVIa) 278 975 244-51(sh) 12170 
225 42200 
303 2820 
Dimethyl 4-hydroxy- 277 1030 254 10550 isophthalate 240 8600 
221 32600 
Dimethyl 4-hydroxy- 303 3900 253.5 10470 isophthalate165 221.2 38020 
In 95% EtOH + 2 drops 30% NaOH 
rtmax(mp) A.min(m)JJ t 
390 1100 
305 890 
286(sh) 950 
328 6267 
321 6195 
290 22720 
260 3320 
239 31840 
325(sh) 6420 
293 21000 
253 2100 
~ 
.i:::-
0) 
IS' 
5 
0 
-3 e ~ fO 
7.l.0 
Key: (i) 
(ii) 
(iii) 
2.A,o 
-
---
_. 
Ultraviolet Spectra 
Graph 1 
(in 95% EtOH) 
2,0 300 
Dimethyl i-hydroxyisophthalate 
Compound LXXIV) . 
Compound (LXXJIIa) 
149 
:W.o 3&o 
;t. (M,-) 
10 
0 %A,O 
Key: 
2e,o 
(i) 
(ii) 
(iii) 
-
--
-
Ultraviolet Spectra 
Graph 2 
~ (in 95% EtOH + 2 drops NaOH) 
2.10 300 32.0 '440 
Dimethyl 4-hydroxyisophthalate 
Compound (LXXIV) 
Compound (LXXIIIa) 
150 
'310 
11. 
10 
s 
0 
220 2,to 
Key: (i) __.,, 
(ii) 
---(iii) ___.,. 
(iv) ,..--
Ultraviolet Spectra 
Graph 3 
(in 95% EtOH) 
151 
Decomposition of 
Compound· (LXXIIId) 
zg.o :tto 34,o :r,o 
~ ("'JA-) 
Compound (LXXIIId) - fresh 
n II 
- after 45 min. 
II II 
- after 1 hr. 
II u after 6 days 
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